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RESUMO 
 
O aumento da expectativa de vida tem intensificado o interesse pelos cuidados com a pele 
senil, com foco não apenas no tratamento e prevenção de rugas e flacidez, mas também na 
promoção da qualidade de vida. Nesse contexto, a aplicação de produtos cosméticos que 
minimizem alterações morfológicas, preservando a integridade e a resistência cutânea, torna-
se essencial. O envelhecimento cutâneo é um processo natural influenciado por fatores 
biológicos, como alterações hormonais e formação de radicais livres, além de estar associado 
a hábitos de vida e exposição solar desprotegida.  A dermatoporose (DP) é uma síndrome de 
insuficiência e fragilidade cutânea crônica, que se intensifica após os 70 anos, caracterizada 
por atrofia cutânea, púrpura senil e pseudocicatrizes; e em estágios mais avançados, podem 
surgir lacerações e hematomas dissecantes. O diabetes mellitus (DM), uma doença crônica 
comum em idosos, causa alterações cutâneas em pelo menos 30% dos pacientes. Embora 
não haja evidências claras de que os pacientes com diabetes sejam mais suscetíveis à DP, 
ambos os grupos apresentam redução das propriedades mecânicas da pele, o que pode levar 
a complicações graves. O objetivo deste estudo foi desenvolver e avaliar a eficácia clínica de 
uma formulação cosmética hidratante para prevenção e tratamento da dermotoporose em 
estágio I em participantes da pesquisa senis saudáveis ou com diabetes mellitus. Para atingir 
esse objetivo, foram realizados três ensaios clínicos ao longo do projeto, descritos em três 
capítulos dessa dissertação. O capítulo I apresenta os resultados obtidos no estudo clínico 
para a seleção do principal emoliente da formulação, que incluiu 80 participantes da pesquisa 
saudáveis divididos em 4 grupos, e avaliou a performance oclusiva de emolientes cosméticos 
em comparação ao petrolato. O capítulo II descreve os resultados obtidos no estudo clínico 
para seleção do sistema umectante, com 30 participantes da pesquisa saudáveis divididos 
em 3 grupos. O capítulo III detalha os procedimentos para o desenvolvimento e avaliação da 
estabilidade da formulação teste. O capítulo IV apresenta os resultados da avaliação da 
eficácia clínica da formulação teste, que incluiu 15 participantes da pesquisa com diabetes 
tipo I ou II e 15 participantes da pesquisa saudáveis; desses, 13 participantes apresentaram 
dermatoporose em estágio I. Em síntese, os dados dos ensaios clínicos guiaram a escolha do 
Triglicerídeo de ácido cáprico e caprílico (TACC) como principal emoliente da formulação, e a 
combinação do 1,3-propanediol a 15% + glicerol a 5% + butilenoglicol a 5% como o sistema 
umectante da formulação. A formulação teste demonstrou efeito significativo na melhora da 
hidratação, da eficiência da barreira cutânea e na redução da rugosidade da pele de 
participantes da pesquisa diabéticos e não diabéticos sem dermatoporose. Quando avaliada 
em participantes da pesquisa com dermatoporose em estágio I, a formulação foi mais eficaz 
em melhorar a função da barreira cutânea e a textura da pele em participantes da pesquisa 
diabéticos. O efeito da formulação teste foi equivalente ao produto referência de mercado 
(Umiditá® AI Creme) em todas as avaliações realizadas no ensaio clínico. 
 
Palavras-chave: Cosméticos; Envelhecimento da pele; Manifestações cutânea, Diabetes 
Mellitus, Ensaios Clínicos; Emolientes; Umectantes.  
 
 
 
 
 
 
 
 
 
 
 
 



 

ABSTRACT 
 
The increasing life expectancy has heightened interest in the care of aging skin, focusing not 
only on the treatment and prevention of wrinkles and sagging but also on promoting quality of 
life. In this context, the use of cosmetic products that minimize morphological changes, 
preserving skin integrity and resilience, becomes essential. Skin aging is a natural process 
influenced by biological factors, such as hormonal changes and the formation of free radicals, 
in addition to being associated with lifestyle habits and unprotected sun exposure. 
Dermatoporosis (DP) is a syndrome of chronic skin insufficiency and fragility that intensifies 
after the age of 70, characterized by skin atrophy, senile purpura, and pseudoscars; in more 
advanced stages, lacerations and dissecting hematomas may occur. Diabetes mellitus (DM), 
a chronic disease common among the elderly, causes skin disorders in at least 30% of 
patients. Although there is no clear evidence that diabetics are more susceptible to DP, both 
groups exhibit reduced mechanical properties of the skin, which can lead to severe 
complications. The objective of this study was to develop and evaluate the clinical efficacy of 
a moisturizing cosmetic formulation for the prevention and treatment of stage I dermatoporosis 
in healthy elderly participants or those with diabetes mellitus. To achieve this goal, three clinical 
trials were conducted throughout the project, described in three chapters of this dissertation. 
Chapter I presents the results obtained from the clinical study for selecting the main emollient 
of the formulation, which included 80 healthy participants divided into four groups, and 
assessed the occlusive performance of cosmetic emollients compared to petrolatum. Chapter 
II describes the results obtained from the clinical study for selecting the humectant system, 
involving 30 healthy participants divided into three groups. Chapter III details the procedures 
for developing and evaluating the stability of the test formulation. Chapter IV presents the 
results of the clinical efficacy assessment of the test formulation, which included 15 research 
participants with type I or II diabetes and 15 healthy research participants; of these, 13 
participants had stage I dermatoporosis. In summary, the data from the clinical trials guided 
the choice of Caprylic/Capric Triglyceride (TACC) as the main emollient of the formulation, and 
the combination of 15% 1,3-propanediol + 5% glycerol + 5% butylene glycol as the humectant 
system of the formulation. The test formulation demonstrated a significant effect in improving 
hydration, skin barrier efficiency, and reducing skin roughness in both diabetic and non-
diabetic participants without dermatoporosis. When evaluated in participants with stage I 
dermatoporosis, the formulation was more effective in improving skin barrier function and 
texture in diabetic participants. The effect of the test formulation was equivalent to the market 
reference product (Umiditá® AI Cream) in all assessments conducted in the clinical trial. 
 
 
Keywords: Cosmetics; Skin Aging; Skin manifestations; Diabetes Mellitus; Clinical Trials; 
Emollients; Humectants. 
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1.  INTRODUÇÃO 
O aumento da expectativa de vida tem elevado a preocupação com os cuidados 

da pele senil. A preocupação vai além de tratar e prevenir alterações cutâneas decorrentes 

do envelhecimento, como o surgimento de rugas e flacidez, mas de proporcionar melhora na 

qualidade de vida.  

Com a idade a pele se torna mais fina e menos resistente à forças mecânicas. Os 

primeiros sinais clínicos da fragilidade cutânea aparecem por volta dos 60 anos de idade, 

sendo mais evidentes entre os 70 e 90 anos (1). 

Além das manifestações cutâneas comuns do envelhecimento, em alguns casos 

pode ocorrer o surgimento de púrpura senil, pseudocicatrizes estreladas, atrofia cutânea, 

lacerações frequentes, retardo na cicatrização de feridas, e em casos mais graves pode haver 

a formação de hematomas dissecantes. A este conjunto de manifestações clínicas 

relacionadas à insuficiência e fragilidade cutânea foi dado o nome de dermatoporose (DP) (2). 

A DP consiste em anormalidades no tecido estrutural, incluindo modificações da 

matriz extracelular (MEC), que perde o seu principal componente, o ácido hialurônico (HA), o 

que desestabiliza as estruturas intercelulares e compromete as fibras de colágeno e elastina, 

induzindo a perda da resistência mecânica da pele (2,3). A DP pode ser classificada em 

primária, quando ocorre devido ao envelhecimento cronológico e a exposição solar intensa e 

desprotegida, ou secundária, quando ocorre devido ao uso crônico e prolongado de 

corticosteróides tópico ou sistêmico (4). Os sinais clínicos da DP manifestam-se 

predominantemente em regiões fotoexpostas. Entre as alterações mais comuns estão a 

atrofia cutânea, púrpura senil, pseudocicatrizes, e a ocorrência frequente de lacerações 

cutâneas (4,5). Em estágios mais avançados, podem surgir hematomas dissecantes, além de 

áreas de necrose cutânea, que podem levar a complicações potencialmente letais (4,5). 

O tratamento de distúrbios dermatológicos em pacientes idosos deve considerar 

suas necessidades e limitações, além do fato de que esta população geralmente apresenta 

comorbidades que podem influenciar na escolha do tratamento. 

O diabetes mellitus (DM) é uma das doenças crônicas mais comuns e que tem 

crescido mundialmente, especialmente devido a mudanças no estilo de vida que leva à 

redução da prática de atividades físicas e aumento da obesidade (6), e apesar de não estar 

diretamente relacionada ao envelhecimento, os idosos apresentam um aumento da 

predisposição a doenças crônicas não transmissíveis. No Brasil, dados da Pesquisa Nacional 

de Saúde (PNS) realizada em 2019 mostrou que 19,9% dos idosos entre 65 e 74 anos 

apresentam DM, e o percentual sobre para 21,1% naqueles acima de 75 anos (7). 
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Os distúrbios cutâneos são comuns em pacientes com DM. Cerca de 30% dos 

pacientes apresentam algum tipo de manifestação cutânea no curso da doença, que pode 

incluir infecções bacterianas ou fúngicas, excesso de ressecamento da pele (xerose), prurido 

e retardo na cicatrização de feridas (8). A DM também aumenta significativamente a 

reticulação e glicação não enzimática do colágeno na derme, e induz o acúmulo de produtos 

finais de glicosilação avançada, conhecidos como AGEs, o que resulta na perda de 

propriedades mecânicas da pele (9,10). 

Não existem evidências de que pacientes com diabetes mellitus sejam mais 

suscetíveis ao surgimento e/ou agravamento dos sinais clínicos da dermatoporose. 

Entretanto, de acordo com a literatura, tanto os pacientes com diabetes, quanto aqueles com 

dermatoporose, apresentam redução das propriedades mecânicas da pele e retardo na 

cicatrização de feridas. Ambas condições podem levar a complicações muito mais graves, 

como a formação de hematomas dissecantes e úlceras que podem infeccionar e levar à 

amputação de membros (11,12). 

A DP em estágios avançados dificilmente será tratada com terapia 

dermocosmética. No entanto, o uso de produtos cosméticos adequados pode ajudar a 

prevenir e minimizar os sinais clínicos da dermatoporose em estágio I. Por isso, o diagnóstico 

precoce é fundamental para o tratamento da pele dermatoporótica. 

Existem no mercado produtos cosméticos com alto poder de hidratação e de 

reparação de barreira cutânea, entretanto, a maioria destes produtos apresentam custo muito 

elevado o que dificulta o acesso da população mais carente, que geralmente é a que mais 

sofre com o agravamento da dermatoporose e de complicações cutâneas relacionadas ao 

diabetes. 

Assim, este trabalho se justifica pela escassez de produtos cosméticos que 

apresentam boa performance hidratante e protetora de barreira cutânea, e que sejam 

economicamente acessíveis, e pela possível vulnerabilidade de pacientes com diabetes 

mellitus às manifestações clínicas relacionadas à dermatoporose. 

 

O projeto de pesquisa sob número de CAAE 29880820.2.0000.5404 foi aprovado 

pelo Comitê de Ética da Universidade Estadual de Campinas (CEP-CHS/Unicamp) segundo 

os pareceres número 4.018.746 (versão 2) e 4.988.643 (versão 5), apresentados no Anexo I, 

e possui Registro Brasileiro de Ensaios Clínicos (ReBEC) código RBR-7wqksdc. 

O projeto de pesquisa foi dividido em três ensaios clínicos aberto, simples-cego, 

randomizado e controlado. No total, 140 participantes da pesquisa foram incluídos e 

assinaram o Termo de Consentimento Livre e Esclarecido (TCLE) antes da participação no 

estudo. 
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Os dados obtidos nos três ensaios clínicos conduzidos ao longo do projeto estão 

disponíveis no Repositório de Dados de Pesquisa da Unicamp (REDU): 

1º ensaio clínico:  

https://redu.unicamp.br/dataset.xhtml?persistentId=doi:10.25824/redu/2DYVPJ 

2º ensaio clínico: 

https://redu.unicamp.br/dataset.xhtml?persistentId=doi:10.25824/redu/QTJRW3 

3º ensaio clínico: 

https://redu.unicamp.br/dataset.xhtml?persistentId=doi:10.25824/redu/SUH51G 

 

A presente dissertação está organizada em quatro capítulos. O Capítulo I 

apresenta os resultados do ensaio clínico destinado à seleção e avaliação do emoliente 

principal da formulação. O Capítulo II discute os resultados obtidos na avaliação da eficácia 

do sistema umectante da formulação, enquanto o Capítulo III aborda os procedimentos 

metodológicos relacionados à manipulação e ao estudo de estabilidade acelerada da 

formulação teste, incluindo os resultados dos ensaios de centrifugação, análise de pH, 

avaliação organoléptica e microscopia de luz polarizada. O Capítulo IV reporta os resultados 

da avaliação da eficácia clínica da formulação teste. Os dados desse ensaio clínico foram 

organizados em duas categorias de análise: (1) comparação entre participantes com diabetes 

e participantes saudáveis, ambos sem diagnóstico de dermatoporose; e (2) comparação entre 

participantes com diabetes e participantes saudáveis, ambos com diagnóstico de 

dermatoporose em estágio I. 
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2.  REVISÃO BIBLIOGRÁFICA 

2.1. Envelhecimento da pele 

O envelhecimento cutâneo é um processo natural e inevitável, mas a forma como 

ele se manifesta pode variar de acordo com o estilo de vida, hábitos e cuidados pessoais. 

Esse fenômeno biológico resulta de uma série de fatores etiológicos e pode ser classificado 

em envelhecimento intrínseco e extrínseco, sendo este último também conhecido como 

fotoenvelhecimento, já que é intensificado pela exposição à radiação UV (13). 

O envelhecimento intrínseco é um processo biológico que ocorre naturalmente 

com o passar do tempo. Ele é influenciado por alterações hormonais, como a diminuição 

gradual dos níveis de estrógeno e progesterona, especialmente durante a menopausa (14). 

Além disso, também resulta de danos endógenos cumulativos devido a formação de espécies 

reativas de oxigênio (ROS) que são geradas durante o metabolismo celular oxidativo  (15). 

Os principais sinais do envelhecimento intrínseco são o afinamento da pele, que compromete 

a função da barreira cutânea, ressecamento, aparecimento de rugas finas e aumento da 

sensibilidade térmica (16). 

O envelhecimento extrínseco está muito relacionado ao estilo de vida e hábitos 

pessoais, a se desenvolve devido a vários fatores externos como: estresse físico e psicológico 

severo, consumo de álcool, tabagismo, má alimentação, poluição ambiental, e especialmente 

a exposição à radiação UV (17).  O envelhecimento extrínseco ocorre a partir da interação de 

processos biológicos induzidos pela radiação UV, incluindo a produção de ROS, danos ao 

DNA, glicação, inflamação e outras respostas do sistema imunológico (18). Além dos sinais 

típicos do envelhecimento intrínseco, a pele fotoenvelhecida apresenta textura áspera, rugas 

profundas, palidez, manchas e perda de elasticidade (19).  

O envelhecimento provoca mudanças significativas na pele, caracterizadas 

principalmente pela redução na espessura da epiderme e derme (20). O afinamento 

epidérmico resulta principalmente da redução da capacidade proliferativa dos queratinócitos 

e, consequentemente, da sua diferenciação em corneócitos (21).  Essa diferenciação ocorre 

quando os queratinócitos migram da camada basal em direção à superfície da pele, passando 

pelas diferentes camadas da epiderme, e resulta na formação do estrato córneo, a camada 

mais externa da epiderme e que funciona como uma barreira protetora (21,22). A Figura 1 

ilustra as diferenças na estrutura da pele jovem em comparação à pele envelhecida. 
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Figura 1. Diferenças na estrutura da pele jovem e da pele envelhecida. Imagem extraída de: FARAGE, MA. et al. 

Structural characteristics of the aging skin: a review. Cutaneous and ocular toxicology.2007; 26(4):343-357 

(tradução da figura realizada pela própria autora). 

 

O achatamento da  junção dermo-epidérmica é uma das alterações mais 

marcantes da pele envelhecida, que ocorre devido a redução de papilas dérmicas e da 

interdigitação entre as camadas (23). A diminuição na interdigitação entre a derme e a 

epiderme compromete a resistência às forças de cisalhamento, além de reduzir o suprimento 

de nutrientes e oxigênio (19). 

Os principais impactos do envelhecimento na derme estão associados a 

alterações no colágeno, que é o principal componente da matriz extracelular (MEC) e garante 

a estabilidade e resistência mecânica da pele (24). A MEC é sintetizada, organizada e mantida 

pelos fibroblastos dérmicos (20). Durante o processo de envelhecimento, a atividade 

proliferativa e metabólica dos fibroblastos diminui e suas funções são prejudicadas, levando 

à redução da síntese de proteínas estruturais como o colágeno e a elastina (25). Além da 

síntese prejudicada, a degradação do colágeno aumenta devido a ação das metaloproteinase 

de matriz (MMPs), especialmente a MMP-1, conhecida por colagenase (26). MMPs 

constituem um grupo de enzimas capazes de degradar todos os tipos de proteínas da MEC 

(27). A diminuição do colágeno na derme compromete a integridade estrutural e as 

propriedades mecânicas da pele, resultando em uma pele mais frágil e fina, e com capacidade 

reduzida de cicatrização de feridas (22,28). 

2.2. Dermatoporose 

dermatologistas suíços em 2007 para descrever uma síndrome caracterizada pela fragilidade 

e insuficiência cutânea crônica que implica em alterações na integridade da pele (2). 
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Os primeiros sinais da dermatoporose podem surgir entre os 40 a 60 anos, mas é 

a partir dos 70 anos que as manifestações clínicas se tornam mais intensas (4).  

Segundo Kaya e Saurat (12), a dermatoporose pode ser classificada 

etiologicamente em: 

a) Primária: É a forma mais comum de dermatoporose e resulta do envelhecimento 

natural e da exposição prolongada e desprotegida ao sol. 

b) Secundária: Este tipo ocorre devido ao uso crônico e prolongado de 

corticosteróides sistêmico ou tópico. 

Embora existam poucos dados disponíveis sobre os genes associados à 

patogênese da DP, estudos indicam que a expressão de genes relacionados ao hialurosomo, 

como o receptor de superfície celular CD44, a hialuronato sintase 3 (HAS3), o fator de 

crescimento epidérmico ligado à heparina (HB-EGF) e o receptor HB-EGF (ErbB1), está 

alterada em pacientes com DP (29). Esses genes desempenham papéis fundamentais na 

homeostase cutânea, e suas alterações podem contribuir para os mecanismos moleculares 

subjacentes à doença (29). Quanto à prevalência, observa-se uma maior incidência de DP em 

mulheres idosas, conforme relatado em estudos prévios (30). 

2.2.1. Marcadores morfológicos da dermatoporose 

A DP é identificada por marcadores morfológicos como atrofia cutânea, púrpura 

senil e pseudocicatrizes, e em estágios mais avançados, podem ocorrer complicações 

incluindo laceração da pele, atraso na cicatrização de feridas e hematomas dissecantes 

profundos (12). 

 

Atrofia cutânea: 

A atrofia cutânea é caracterizada por uma pele extremamente fina, transparente e 

com inúmeras rugas. Estudos de ultrassonografia mostram que a espessura da pele atrófica 

varia de 0,7 a 0,8 mm, enquanto a pele normal varia entre 1,4 a 1,5 mm. Além disso, 

histologicamente é possível observar o afinamento da derme e epiderme (2).  A Figura 2 ilustra 

uma comparação visual, ultrassonográfica e histológica da pele atrófica e normal. 
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Figura 2. Lado esquerdo: (A) imagem fotográfica, (C) ultrassonográfica e (E) histológica da pele atrófica; Lado 
direito: (B) imagem fotográfica, (D) ultrassonográfica e (F) histológica da pele normal. Imagem extraída de: KAYA, 
G; SAURAT, JH. Dermatoporosis: A Chronic Cutaneous Insufficiency/Fragility Syndrome. Clinicopathological 
Features, Mechanisms, Prevention and Potential Treatments. Dermatology. 2007; 215(4):284-294. 
 
 

Pseudocicatrizes: 

A pseudocicatriz é uma lesão esbranquiçada de formas variadas, resultante de 

uma laceração dérmica espontânea. Este marcador morfológico da DP se manifesta 

principalmente no dorso das mãos e antebraços, frequentemente em decorrência de traumas 

(2).  
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Figura 3. Características clínicas de pseudocicatrizes do tipo linear (A) e estrelada (B). Imagem extraída KAYA, G; 
SAURAT, JH. Dermatoporosis: A Chronic Cutaneous Insufficiency/Fragility Syndrome. Clinicopathological 
Features, Mechanisms, Prevention and Potential Treatments. Dermatology. 2007; 215(4):284-294. 

 

Púrpura sênil: 

A púrpura sênil é caracterizada por áreas hemorrágicas com presença de 

erupções púrpuras, como petéquias ou equimoses, e que se localizam principalmente em 

áreas expostas como antebraços, pernas e dorso das mãos (31). A púrpura sênil é resultante 

de sangramentos dérmicos espontâneos associados a traumas  (2). 

 

 
Figura 4. Antebraço de um paciente com dermatoporose com presença de púrpura sênil (indicado pelas setas). 
KAYA, G; SAURAT, JH. Dermatoporosis: A Chronic Cutaneous Insufficiency/Fragility Syndrome. 
Clinicopathological Features, Mechanisms, Prevention and Potential Treatments. Dermatology. 2007; 215(4):284-
294. 

 

Lacerações 

As lacerações estão entre as complicações da DP, e são caracterizadas por 

feridas superficiais e irregulares, semelhantes a rasgos, que podem ocorrer ao mínimo trauma 

devido a fragilidade cutânea (2). 
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Figura 5. Antebraço de um paciente com dermatoporose, apresentando laceração, característica dos estágios II e 
III da doença. Imagem extraída de:. KAYA, G; SAURAT, JH. Dermatoporosis: A new concept in skin aging. 
European Geriatric Medicine. 2010; 1(4):216-219. 

 

Hematoma dissecante profundo: 

O hematoma dissecante é a complicação mais grave da DP (4). Ele ocorre devido 

a um sangramento maciço induzido por trauma, resultante da extrema fragilidade mecânica 

da pele envelhecida, afetando principalmente as extremidades inferiores de pacientes idosos 

com dermatoporose (4,32). 

 

 
Figura 6. Antebraço de um paciente com hematoma dissecante profundo. Imagem extraída de:. KAYA, G; et al. 
Deep dissecting hematoma: an emerging severe complication of dermatoporosis. Archives of dermatology. 2008; 
144(10):1303-1308. 

 

Kaya e Saurat (12,33) propuseram quatro estágios para descrever a gravidade da 

dermatoporose: 

 Estágio I: Surgem os primeiros marcadores da dermatoporose como a atrofia cutânea, 

púrpura senil, pseudocicatrizes e excoriações superficiais na pele. 

 Estágio IIa: Além dos marcadores vistos no estágio I, ocorrem lacerações superficiais 

localizadas e pequenas (até 3 cm); 

 Estágio IIb: São identificadas lacerações maiores (maiores que 3 cm). 

 Estágio IIIa: Ocorrem hematomas superficiais. 

 Estágio IIIb: Ocorrem hematomas dissecantes profundos sem necrose cutânea. 



21 

 Estágio IV: Aparecem grandes áreas de necrose cutânea com potenciais 

complicações letais, geralmente levando à amputação de membros. 

 

2.2.2. Mecanismos moleculares da dermatoporose 

2.2.2.1. Redução do ácido hialurônico (AH) e receptor CD44 

O AH é um dos principais componentes da matriz extracelular (MEC) que é 

regulada pelos fibroblastos dérmicos (20). A redução da atividade proliferativa e metabólica 

dos fibroblastos acomete a síntese das proteínas estruturais e dos glicosaminoglicanos da 

MEC (25). O AH é um dos glicosaminoglicanos que ocupa o espaço entre as fibras de 

colágeno e elastina da MEC reduzindo a fricção e constituindo o componente viscoso da pele 

(2). A redução do AH compromete as propriedades viscoelásticas da pele, tornando-a mais 

suscetível a lacerações que podem evoluir para hematomas dissecantes (2). 

O CD44 é o principal receptor de superfície celular do AH e sua supressão é 

reduzida em demasia na pele com DP (5). A combinação da redução do AH e da expressão 

do receptor CD44 leva a diminuição do número de queratinócitos (12). A proliferação dos 

queratinócitos é regulada pela interação do AH com os receptores transmembrana da 

plataforma CD44 dos queratinócitos (12). A diminuição da quantidade de queratinócitos 

compromete a homeostase cutânea em pacientes com DP, resultando na desregulação dos 

processos fisiológicos da pele (12). 

 

2.2.2.2. Deficiência do Hialurossoma 

O hialurossoma é um complexo de membrana composto por moléculas que 

participam do metabolismo do AH, incluindo a hialuronato-sintase (HAS-3), a variante CD44 

específica para queratinócitos (CD44v3) e o receptor de crescimento epidérmico (EGFR), cuja 

expressão é reduzida na DP (5). Este complexo atua como uma fábrica de AH e tem a sua 

expressão diminuída em pacientes com DP (5). 

 

-catenina 

-catenina desempenha um papel crucial no 

desenvolvimento da pele, na homeostase do tecido e em diversas doenças (34). Esta via é 

regulada positivamente pelo receptor CD44, que apresenta níveis reduzidos em pacientes 

com DP (33). A -catenina em fibroblastos dérmicos pode 

atuar como um precursor de fibrose dérmica (34). 
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2.2.2.4.  Alteração na via p16Ink4a 

A senescência celular é um dos principais mecanismos envolvidos no 

envelhecimento cutâneo (35). Na epiderme de pacientes com DP, observa-se um aumento de 

células positivas para a proteína p16INK4a, um marcador de senescência celular que também 

está relacionado a patologias associadas ao envelhecimento (33). Esse fenômeno pode ser 

explicado pelo desenvolvimento do fenótipo secretor associado à senescência (SASP) em 

células senescentes, caracterizado pela liberação de citocinas pró-inflamatórias, quimiocinas 

e outros fatores solúveis (35). A presença desse fenótipo contribui para a inflamação crônica 

e a disfunção tecidual, exacerbando os efeitos degenerativos na pele afetada pela DP (35). 

 

2.2.2.5. Sinalização de cálcio  

A ativação do EGFR (receptor do fator de crescimento epidérmico) induz a 

ativação das vias da fosfoinositol 3-quinase e gera sinais de Ca²  citosólicos que regulam a 

proliferação celular (36). Em pacientes com DP, observa-se uma redução na expressão do 

EGFR (5), o que pode resultar em uma diminuição na liberação de Ca²  do retículo 

endoplasmático, o principal reservatório intracelular de Ca²  (36). Esse comprometimento na 

sinalização do Ca²  pode afetar processos celulares fundamentais, como a proliferação e 

diferenciação de queratinócitos, prejudicando a manutenção da homeostase epidérmica (36). 

 

2.2.2.6. Alterações nas células tronco epidérmicas 

A proteína Lrig1+ (leucine-rich repeats and immunoglobulin-like domains) é uma 

proteína de superfície celular que regula a homeostase epidérmica, inibindo a sinalização do 

fator de crescimento epidérmico (EGF) (37). Na pele saudável, as células Lrig1+ se agrupam 

na camada basal, onde a expressão de CD44 ocorre e a via de sinalização Wnt é ativada. Na 

pele envelhecida ou atrófica, as células Lrig1+ ficam distribuídas por toda a camada basal, 

sem formar aglomerados, e a expressão de CD44 diminui (37). Essa desregulação do CD44 

contribuiu para a perda da sinalização da via Wnt e afeta a distribuição das células-tronco 

Lrig1+, o faz parte do envelhecimento da pele e da senescência cutânea (37). 

 

2.2.3. Tratamento e prevenção 

A dermatoporose é mais comum em áreas expostas ao sol, o que torna o uso de 

protetor solar e a exposição limitada ao sol medidas importantes de prevenção. 

por ser uma síndrome cutânea que afeta principalmente os idosos, é essencial adotar 

tratamentos que sejam de fácil aplicação e bem tolerados pela pele envelhecida, evitando 

desconforto e eventos adversos. O objetivo do tratamento é reverter os mecanismos 
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moleculares responsáveis pela síndrome, como, por exemplo, aumentar os níveis de ácido 

hialurônico (AH) na derme, reduzir os mecanismos de degradação das proteínas estruturais 

(colágeno e a elastina), e minimizar a gravidade dos sinais morfológicos da dermatoporose. 

O tratamento tópico com fragmentos de ácido hialurônico (AH) de tamanho médio 

(50.000 - 400.00 Da) proporcionou melhora da atrofia cutânea, tanto em decorrência do 

envelhecimento quanto do uso prolongado de corticosteróides orais, e restaurou a espessura 

normal da pele logo após um mês de tratamento (38). 

Os retinóides, como retinol, retinaldeído e ácido retinóico, derivados da Vitamina 

A, são amplamente utilizados em produtos cosméticos anti-envelhecimento e no tratamento 

da acne, psoríase e outras condições dermatológicas (39). O uso combinado do retinaldeído 

e fragmentos de AH de tamanho médio apresenta efeito sinérgico na indução da expressão 

do CD44 na epiderme e aumenta o conteúdo de AH na derme e epiderme (33). 

O ácido L-ascórbico, conhecido como vitamina C, é eficaz na redução das 

espécies reativas de oxigênio (ROS), que contribuem na inflamação e envelhecimento da 

pele. Além disso, desempenha funções essenciais na fisiologia celular e na preservação de 

biomoléculas importantes (40). A vitamina C tem se mostrado promissora no tratamento da 

dermatoporose. Um estudo duplo-cego, randomizado, mostrou que a aplicação tópica de 

vitamina C a 5% duas vezes ao dia, resultou na melhora clínica da púrpura sênil (41). 

 

2.3. Alterações cutâneas em pacientes com diabetes mellitus 

A diabete mellitus (DM) é caracterizada por hiperglicemia, que resulta de uma 

-pancreáticas (Tipo I) ou de resistência à 

insulina acompanhada por uma redução relativa na secreção desse hormônio (Tipo II) (42). A 

DM tipo II é comumente observada em pessoas idosas, com sobrepeso e sedentárias (43). 

Os distúrbios cutâneos são comuns em pacientes com diabetes, afetando cerca 

de 30% dessa população. Essas manifestações podem estar associadas às alterações 

funcionais e danos celulares provocados pela DM, ou podem resultar de infecções ou reações 

aos tratamentos do diabetes (44). 

A hiperglicemia crônica leva a glicação de proteínas, lipídeos e ácidos nucleicos, 

contribuindo para a formação dos Produtos Finais de Glicação Avançada (AGEs) (43). O 

acúmulo de AGEs provoca diversas alterações na pele de pacientes com diabetes, incluindo 

xerose, retardo na cicatrização de feridas e aumento na susceptibilidade a infecções (45). Os 

AGEs também contribuem para o aumento da rigidez da pele, reduzindo a flexibilidade e a 

solubilidade das fibras de colágeno (46). Além disso, os AGEs estão envolvidos no 

desenvolvimento de fibrose, no envelhecimento da pele e na imunossupressão associada ao 

diabetes (46). 
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A xerose é uma das manifestações cutâneas mais comuns da DM. 

Aproximadamente 25% dos pacientes com DM tipo II apresentam xerose acompanhada de 

prurido (45). Essa condição é caracterizada pelo ressecamento excessivo da pele, com sinais 

clínicos como descamação, aspereza, vermelhidão e fissuras (47). 

Os pacientes com DM, assim como aqueles com dermatoporose, podem 

apresentar comprometimento da homeostase da epiderme. A significativa influência da 

insulina na proliferação, migração e diferenciação de queratinócitos sugere que os fenótipos 

alterados dessas células em diabéticos desempenham um papel crucial na cicatrização tardia 

de feridas (48). 

 

2.4. O uso de produtos cosméticos anti-envelhecimento e hidratantes 

Segundo a Organização Mundial da Saúde (OMS), até 2050 a população mundial 

com 60 anos ou mais deverá dobrar, alcançando o número de 2,1 bilhões de pessoas (49). 

Com o aumento da expectativa de vida, o envelhecimento da pele se torna uma preocupação 

crescente, que vai muito além da busca por uma aparência saudável, mas de promover 

qualidade de vida e autoestima. 

O uso de produtos cosméticos anti-envelhecimento constitui uma estratégia para 

a prevenção e combate dos sinais do envelhecimento cutâneo. Esses produtos são 

formulados principalmente para promover a proteção da pele contra agressões ambientais, 

neutralizar radicais livres intracelulares, reparar e nutrir as células da pele, além de buscar 

reverter o processo de degradação do colágeno na derme (50,51). 

Existem muitos ativos cosméticos capazes de atenuar ou reverter algumas 

características do processo de envelhecimento cutâneo. Atualmente, muitos cosméticos para 

o rejuvenescimento da pele são formulados com ativos cosméticos como o ácido hialurônico 

(AH) que promove a melhora da hidratação e viscoelasticidade, prevenindo ferimentos por 

lacerações e traumas na pele, além de reduzir a atrofia cutânea pela sua ação na proliferação 

de queratinócitos (52); os retinóides e retinaldeído que inibem a degradação do colágeno 

através da inibição da colagenase e expressão de MMP e promove a proliferação de 

queratinócitos (39); os antioxidantes, como o ácido ascórbico (vitamina C), que reduz as 

espécies reativas de oxigênio (ROS), atua como cofator para a síntese de colágeno e elastina, 

aumenta a diferenciação epidérmica e pode atuar como um despigmentante devido a sua 

ação inibitória da tirosinase (53); e a niacinamida, derivada da vitamina B3, apresenta 

propriedades anti inflamatórias e pode atenuar a produção de biomarcadores inflamatórios e 

relacionados à senescência (52). Além disso, ela eleva os níveis de ceramida e ácidos graxos 

livres no estrato córneo, ajudando a reduzir a perda de água transepidermal, e melhorando 

assim a função da barreira cutânea (52). 
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O uso de produtos cosméticos para preservar a hidratação e a saúde da pele é 

fundamental durante o processo de envelhecimento. Os emolientes e umectantes são 

ingredientes amplamente reconhecidos por suas propriedades hidratantes na pele. Os 

emolientes, compostos por óleos e lipídios, agem na pele promovendo uma oclusão parcial 

que hidrata e melhora a aparência do estrato córneo, tornando-o mais macio, flexível e 

maleável (54). O tipo de emoliente utilizado em uma formulação é crucial para sua lubrificação 

e "deslizamento sobre a pele", influenciando diretamente a percepção do consumidor sobre a 

suavidade da pele (54). Os umectantes são ingredientes capazes de aumentar o conteúdo 

hídrico da pele, facilitando a absorção de água da derme para a epiderme. Esses compostos 

possuem múltiplos grupos hidrofílicos, como as hidroxilas, cujas propriedades higroscópicas 

permitem a atração e retenção de moléculas de água (55). Cosméticos hidratantes que 

contêm emolientes e umectantes são eficazes em fortalecer e reparar a barreira cutânea, 

aumentar o nível de água no estrato córneo, reduzir a perda de água transepidermal (TEWL), 

manter a integridade e a aparência da pele (56). 

A aplicação de produtos cosméticos hidratantes é amplamente recomendada para 

aliviar os sintomas de condições dermatológicas, como dermatite atópica, psoríase, xerose e 

prurido associado ao diabetes. Isso se deve ao fato de que o uso de corticosteróides tópicos 

deve ser cuidadosamente monitorado em pacientes com essas condições, devido ao risco 

potencial de efeitos adversos, tanto dermatológicos quanto sistêmicos (57). 

 

2.5. Avaliação da eficácia de produtos cosméticos 

A avaliação da eficácia e segurança de produtos cosméticos é uma etapa 

fundamental no processo de desenvolvimento do produto. A Agência Nacional de Vigilância 

Sanitária (ANVISA) estabelece que na realização do registro de produtos de higiene pessoal, 

cosméticos e perfumes, o fabricante deve possuir dados comprobatórios que atestem a 

segurança e eficácia de acordo com finalidade proposta para o produto (58). 

Os ensaios de segurança de produtos cosméticos são baseados no Guia de 

Segurança de Produtos Cosméticos da ANVISA (59). Para os ensaios de eficácia clínica, a 

ANVISA não estabelece metodologias, entretanto, é fundamental que tais metodologias 

tenham embasamento científico. 

Desde 1995, o Grupo Europeu de Especialistas em Medição da Eficácia de 

Cosméticos e Outros Produtos Tópicos (EEMCO) publica diretrizes técnicas que orientam a 

comprovação da eficácia de produtos cosméticos utilizando diversas metodologias 

instrumentais (60). 

O número e tipo de métodos biofísicos não invasivos capazes de medir uma ampla 

variedade de parâmetros da pele têm crescido consideravelmente nas últimas décadas (61). 

Conforme o objetivo do estudo e as alegações/claims que se pretende comprovar com o uso 
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do produto, diversas técnicas podem ser aplicadas. Entre elas, os métodos instrumentais e 

de análise de imagem são os preferidos, pois fornecem dados objetivos e, no caso das 

imagens, também fornecem informações visuais. 

 

2.5.1. Métodos instrumentais para medição de parâmetros cutâneos 

Os métodos instrumentais são baseados no uso de dispositivos não invasivos 

capazes de medir objetivamente uma variedade de parâmetros da pele como, a hidratação 

do estrato córneo, função da barreira cutânea, propriedades mecânicas, pH, cor, brilho, 

oleosidade, entre outros (62). Os ensaios clínicos que empregam esses métodos devem ser 

realizados por especialistas treinados e sob condições técnicas e ambientais controladas (62). 

Dentre estes métodos, a medição de hidratação da pele se destaca, tendo 

recebido atenção significativa nos últimos anos devido a sua importância em várias 

características físicas da pele, como função de barreira, penetração de fármacos, 

propriedades mecânicas, descamação e aparência visual (63). Corneometer® (Courage & 

Khazaka electronic) e Skicon-200® (IBS Ltd.) são exemplos de dispositivos usados para 

avaliar o nível de hidratação do estrato córneo através de medidas de capacitância e 

condutância, respectivamente (64). Estes dispositivos fornecem valores em unidades 

arbitrárias que são linearmente correlacionados com o estado de hidratação da pele, e as 

medidas são afetadas pela de sais e íons na pele. 

Outros parâmetros muito avaliados em produtos skincare e para o 

rejuvenescimento da pele são: a perda de água transepidermal (TEWL) e as propriedades 

mecânicas da pele. 

A TEWL corresponde a densidade do fluxo de água que é perdida de dentro para 

fora da pele por difusão, e é medida em gramas por metro quadrado por hora (g/h/m2) (65). 

Este é um parâmetro muito usado para avaliar a integridade da barreira da pele (66). O 

Tewameter® (Courage & Khazaka electronic) e o VapoMeter® (Delfin Technologies) são 

exemplos de dispositivos disponíveis comercialmente para realizar este tipo de medição (63). 

Os sistemas disponíveis para avaliar as propriedades mecânicas de pele são 

baseados na imposição de uma carga variável, vertical (positiva ou negativa), horizontal ou 

linear, na superfície de medição (67). Através desta medição é possível avaliar parâmetros 

como rigidez, firmeza, elasticidade, extensibilidade, entre outros (67). Dentre os dispositivos 

disponíveis comercialmente para este tipo de medição estão o Cutometer® (Courage & 

Khazaka electronic) e o DermaLab® (Cortex Technology). 

Técnicas ópticas como a espectroscopia no infravermelho próximo (NIR), a 

espectroscopia Raman confocal (CRS) e a tomografia de coerência óptica (OCT), também 

estão sendo empregadas para avaliar alguns parâmetros da pele, especialmente a hidratação 

(68).  
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2.5.2. Métodos de análise de imagem 

Fotografias digitais de alta resolução estão sendo cada vez mais utilizadas para 

avaliar a eficácia de produtos cosméticos e dermatológicos. Diversas fontes de luz, como luz 

branca, polarizada e ultravioleta podem ser usadas na captura de imagens da pele, e o uso 

de softwares de análise especializados permite transformar essas imagens em dados 

objetivos (69). As principais vantagens da análise de imagens digitais incluem alta 

sensibilidade, confiabilidade e capacidade de gerar dados contínuos, além de detectar 

diferenças sutis entre indivíduos ou da condição da pele antes e depois de um tratamento 

cosmético (70). 

O Visia ® (CANFIELD Imaging Systems) é um exemplo de dispositivo de análise 

de imagem muito utilizado na dermatologia e cosmetologia, e que através de fontes de luz 

incandescente padrão, ultravioleta e polarizada, gera uma série de imagens de alta resolução 

em segundos e avalia rapidamente parâmetros gerais da pele, como manchas, rugas, textura, 

poro, mancha UV, mancha marrom, área vermelha e porfirina (71). 

Outro dispositivo bastante usado na avaliação da pele é o Visioscan® (Courage & 

Khazaka electronic), que utiliza a luz ultravioleta A (UVA) para iluminar a pele e captar a luz 

refletida da superfície (61). As imagens geradas podem ser analisadas diretamente pelo 

software do dispositivo ou exportadas e analisadas em softwares especializados, permitindo 

a obtenção de dados sobre a rugosidade e textura da pele.  

A ultrassonografia de alta frequência (HFUS) também é uma técnica de análise de 

imagem não invasiva que tem mostrado grande potencial para a avaliação e caracterização 

de alterações cutâneas em profundidade, especialmente aquelas relacionadas ao 

envelhecimento. Essa tecnologia tem contribuído para o avanço da ciência cosmética e 

dermatológica (72). 
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3.  OBJETIVOS 
 

O principal objetivo deste estudo foi desenvolver uma formulação cosmética 

hidratante composta majoritariamente por emolientes e umectantes de origem natural, 

economicamente acessível, com foco na prevenção e no tratamento da dermotoporose em 

estágio I, e avaliar clinicamente os efeitos dessa formulação em participantes da pesquisa 

senis saudáveis ou com diabetes mellitus tipo I e II.  

 

Como objetivos específicos podemos destacar: 

 

 Selecionar um emoliente com performance oclusiva comparável ao petrolato 

através da metodologia instrumental de determinação da perda de água 

transepidérmica (TEWL). 

 

 Selecionar o sistema umectante da formulação através das metodologias 

instrumentais de mensuração do conteúdo aquoso do estrato córneo e da 

determinação da perda de água transepidérmica (TEWL).  

 

 Avaliar a eficácia clínica da formulação cosmética em proporcionar aumento da 

hidratação, melhoria da eficiência da barreira cutânea e redução da rugosidade da 

pele. 

 

 Comparar a performance da formulação cosmética no tratamento da pele de 

participantes da pesquisa diabéticos em relação aos participantes da pesquisa 

saudáveis (não-diabéticos). 

 

 Comparar a performance da formulação cosmética em relação ao produto de 

referência (Umiditá® AI Creme). 
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4.  RESULTADOS 
 

A presente dissertação resultou na elaboração de cinco artigos, dos quais dois já 

publicados em periódicos científicos e três estão em processo de submissão. 

O Artigo 1, publicado no periódico Journal of Cosmetic Dermatology, Volume 21, 

em 2022, apresenta os resultados da avaliação da performance oclusiva de óleos 

vegetais em comparação ao petrolato. O Artigo 2, atualmente em processo de 

submissão, discute os resultados da avaliação da performance oclusiva dos 

emolientes Triglicerídeo de ácido cáprico e caprílico e Dodecano. Ambos os artigos 

estão incluídos no Capítulo I. 

O Artigo 3, publicado no periódico Journal of Cosmetic Science, Volume 46, em 

2024, apresenta os resultados da avaliação da eficácia do sistema umectante na 

hidratação da pele e na função da barreira cutânea, e encontra-se no Capítulo II. 

O Artigo 4, que está em processo de submissão, apresenta os resultados da 

avaliação da eficácia clínica da formulação teste em comparação ao produto de 

referência, na melhoria da hidratação e da função da barreira cutânea, assim como na 

redução da rugosidade da pele em participantes da pesquisa diabéticos em relação 

aos participantes saudáveis, ambos sem diagnóstico de dermatoporose. O Artigo 5 

descreve os resultados do mesmo ensaio clínico, porém, comparando os dados 

obtidos para os participantes diabéticos com dermatoporose em relação aos 

participantes saudáveis com dermatoporose. Esses artigos estão apresentados no 

Capítulo IV. 
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5.  CAPÍTULO I: Ensaio clínico para seleção e 
avaliação da eficácia do emoliente principal da 
formulação 

5.1. Casuística e métodos 

5.1.1. Seleção dos emolientes cosméticos 

Os emolientes foram selecionados a partir de uma pesquisa de rotulagem de 

formulação. Foram selecionados os dez emolientes mais encontrados em formulação de loção 

e creme corporal de companhias cosméticas brasileiras. Os emolientes selecionados foram: 

Caprylic/Capric Triglyceride (triglicerídeo de ácido cáprico e caprílico), Dicaprylyl 

Carbonate (Carbonato de dicaprilil), Dodecane (Dodecano), Isopropyl Palmitate (Palmitato de 

isopropila), Canola Oil (óleo de canola), Prunus Amygdalus Dulcis Oil (óleo de amêndoa doce), 

Carya Illinoensis Seed Oil (óleo de semente de noz pecan), Lecithin (lecitina de soja), 

Helianthus Annuus Seed Oil (óleo de semente de girassol), e Ricinus Communis Seed Oil 

(óleo de rícino). 

O petrolato (vaselina sólida) foi escolhido como o controle positivo devido ao seu 

alto poder oclusivo com capacidade de reduzir a TEWL em 50% a 99% (73;74). 

O petrolato, um hidrocarboneto amplamente utilizado como emoliente e veículo 

em produtos cosméticos e de higiene pessoal desde o início do século XX, é obtido a partir 

de diversas etapas de refino e purificação do petróleo (75;76). Esse processo, entretanto, 

apresenta impacto ambiental significativo, levantando preocupações quanto à sua 

sustentabilidade. 

O aumento do conhecimento sobre os efeitos negativos que materiais sintéticos 

podem causar à saúde humana e ao meio ambiente tem impulsionado a busca por alternativas 

mais naturais e sustentáveis (77). Nesse contexto, o uso de matérias-primas renováveis de 

origem vegetal tem se consolidado como uma tendência forte na indústria de cuidados com a 

pele (77) 

Este estudo teve como objetivo selecionar um emoliente de origem natural com 

propriedades oclusivas comparáveis às do petrolato, visando sua inserção como o emoliente 

principal da formulação teste. 

5.1.2. Delineamento experimental 

Foi realizado um estudo clínico aberto, randomizado e controlado com 

participantes da pesquisa saudáveis do sexo feminino, todos os fototipos, com idade entre 18 



31 

e 60 anos. O Anexo II apresenta os dados (iniciais, idade e fototipo) dos participantes da 

pesquisa incluídos no estudo. Os 80 participantes da pesquisa incluídos no estudo foram 

divididos aleatoriamente em quatro grupos, nos quais foram avaliados entre dois e três 

emolientes, além da vaselina sólida e da área controle (sem aplicação de produtos), conforme: 

Grupo A: duas áreas tratadas com os emolientes Carbonato de dicaprilil e óleo de 

canola, uma área tratada com vaselina sólida e uma área não tratada (controle). 

Grupo B: três áreas tratadas com os emolientes triglicerídeo de ácido cáprico e 

caprílico (TACC), Dodecano e óleo de amêndoa doce, uma área tratada com vaselina sólida 

e uma área não tratada (controle). 

Grupo C: duas áreas tratadas com os emolientes lecitina de soja e óleo de rícino, 

uma área tratada com vaselina sólida e uma área não tratada (controle). 

Grupo D: três áreas tratadas com os emolientes óleo de semente de noz pecan, 

óleo de semente de girassol e Palmitato de isopropila, uma área tratada com vaselina sólida 

e uma área não tratada (controle). 

A Figura 7 ilustra as áreas demarcadas nos antebraços dos participantes da 

pesquisa para a realização das medições e aplicação dos emolientes. O antebraço foi 

subdividido em quatro ou cinco regiões, das quais duas ou três receberam a aplicação de 

emolientes, uma recebeu a aplicação do controle positivo (petrolato) e a outra permaneceu 

sem a aplicação de qualquer produto (controle). 

 

 
Figura 7. Ilustração das áreas demarcadas no antebraço dos participantes da pesquisa. 

 

5.1.3. Critérios de inclusão 

Mulheres, com idade entre 18 e 60 anos, todos os fototipos, com pele normal a 

seca e íntegra na região do estudo, concordância em aderir aos procedimentos e exigências 

do estudo informados pelo pesquisador durante a explicação do TCLE, anuir a participação 

com a assinatura do TCLE. 

5.1.4. Critérios de não inclusão 

Antecedentes de reações alérgicas, irritação ou sensações de desconforto 

intensas a produtos de uso tópico: cosméticos ou medicamentos; marcas cutâneas na área 
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experimental que interfiram na avaliação de possíveis reações cutâneas (distúrbios da 

pigmentação, más-formações vasculares, cicatrizes, aumento de pilosidade, sardas e 

verrugas em grande quantidade, queimaduras solares); presença de dermatoses ativas (local 

ou disseminada) que possam interferir nos resultados do estudo; uso de anti-inflamatórios não 

hormonais, corticóides, anti-histamínicos, fotossensibilizante ou imunossupressores até 2 

semanas antes do estudo; exposição solar intensa ou a sessão de bronzeamento até 15 dias 

antes da avaliação inicial; tratamento estético ou dermatológico corporal até 4 semanas antes 

do estudo; tratamentos hormonais não estáveis nos últimos 3 meses; tratamento com vitamina 

A ácida e/ou seus derivados até 1 mês antes do estudo; pessoas diretamente envolvidas na 

realização do estudo e seus familiares; estar participando de outro estudo. 

5.1.5. Métricas e parâmetro avaliado 

O efeito oclusivo da pele foi avaliado através de medidas de perda de água 

transepidérmica (TEWL). As medidas foram realizadas antes de aplicar os emolientes (basal), 

após 15 minutos, 2 e 6 horas da aplicação. 

Antes de realizar as medições, os participantes da pesquisa permaneceram em 

ambiente com temperatura de 18 a 22ºC e umidade relativa de 45 a 55 % durante 30 minutos 

para aclimatação (78). As condições ambientais foram mantidas constantes durante todo o 

período de realização do estudo no laboratório 

Para a realização das medidas de TEWL e aplicação padronizada dos produtos foram 

demarcados retângulos medindo 2,5 x 4,0 cm2 no antebraço volar dos participantes da 

pesquisa.  

O dispositivo Tewameter® TM300 (Courage & Khazaka Electronic GmbH, Alemanha) 

foi utilizado para medir a TEWL. A densidade de fluxo de água que se difunde da derme e 

epiderme através do estrato córneo para a superfície da pele é medida em g/h/m2 de acordo 

com a lei de Fick (79). O valor médio de duas medições obtidas foi utilizado nos cálculos. 

5.2. Resultados e discussão 

Os resultados obtidos no ensaio clínico para seleção e avaliação da eficácia do 

emoliente principal da formulação foram reportados em dois artigos. 

5.2.1. Artigo 1 - Skin occlusive performance: sustainable alternatives for 

petrolatum in skincare formulations 

O artigo foi publicado no periódico Journal of Cosmetic Dermatology, Volume 21, em 2022 e 

cuja permissão para reprodução na íntegra neste relatório encontra-se no Anexo III. 

_________________________________________________________________________ 
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Abstract 

Background: The emollients are important ingredients used in skincare formulations that can 

act as moisturizing agents through their occlusive potential, preventing skin water loss. 

Consumer interest in natural and sustainable products has grown considerably in the last few 

years, requiring efforts from the cosmetic industry to design products with raw materials of 

natural, organic and sustainable origin. Thus, it is essential to improve the knowledge about 

the behavior of cosmetic raw materials that can be used as sustainable alternatives to synthetic 

ingredients.  

Aim: This work aimed to evaluate the occlusive performance of different vegetable oils used 

as emollients in skincare cosmetics, through comparative analysis with petrolatum, a synthetic 

emollient with a high occlusive skin potential.  

Method: The study included 80 healthy female adult volunteers. TEWL measurements were 

performed before and after 15 minutes, 2 and 6 hours of emollients application on the forearms 

of the research participants. All research participants provided written informed consent.  

Results: The results obtained showed that the vegetable oils were effective in providing an 

occlusive effect on the skin. When compared to the petrolatum, the vegetable oils did not 

provide a high immediate skin occlusion effect. However, most of them showed a skin 

occlusion performance comparable to petrolatum throughout the 6-hour time course.  

Conclusion: Vegetable oils can be used as a sustainable alternative to synthetic emollients 

and they are promising in replacing petrolatum in skincare formulations with respect to the 

occlusion effect of the skin. The vegetable oils did not provide a high immediate skin occlusion 

effect (15 minutes post-application) as the petrolatum, which is known to have increased 

occlusion properties. However, most of them showed a skin occlusion performance 

comparable to petrolatum throughout the 6-hour time course. 

 

Keywords: skin occlusion, skin care, emollient, vegetable oils, petrolatum, TEWL 
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Introduction 

The skin is responsible for protecting the organism from external aggressions, 

acting as a mechanical, water, chemical, thermal, radiation, immunological and microorganism 

barrier1 and the hydration is essential to maintain the integrity and the efficiency of this barrier. 

The use of topical moisturizing products is a great ally in maintaining the function 

of the skin barrier. The application of moisturizer products is capable to provide alterations in 

the stratum corneum, as well as in deeper layers of the skin. The chemical and physical 

characteristics of each ingredient make the formulation able to determine the performance of 

the final product.2 

Emollients usually represent the largest non-water fraction of the skin care 

emulsions.3 They can act as an impermeable skin barrier, decreasing the transepidermal water 

loss (TEWL), improving the skin hydration and the efficiency of cutaneous barrier. However, 

not all emollients are the same, and the way that these ingredients act on the skin barrier 

represent an important distinguishing factor.4 

The most popular emollient used in cosmetic and personal hygiene products is the 

petrolatum. Petrolatum is known as solid petroleum jelly, mineral oil or paraffin, and is the main 

hydrocarbon-based emollient, derived from a series of stages of refining and purification of the 

oil.5,6 Petrolatum has a high occlusive skin performance, however, due to its synthetic origin, 

petrolatum has been replaced by the cosmetic industries by plant-derived and sustainable 

alternatives, such as vegetable oils. 

The increasing debate on sustainability and concern about the negative effects that 

synthetic materials cause on health and the environment, has pressured the cosmetic industry 

to design and launch sustainable skincare products that meet the expectations of consumers 

who are interested in safe and effective cosmetic products, as long as they are eco-friendly.7,8 

There are many different types of emollients which show an important skin 

occlusion effect, that can be used as a substitute of petrolatum in topical skincare formulations. 

The aim of this clinical study was to assess the skin occlusive performance of different 

vegetable oils used as emollients in skincare emulsions, and comparing the effectiveness of 

these ingredients with petrolatum.  

 

Methods 

Ethical approval 

The study protocol, under the CAAE number of 29880820.2.0000.5404, was 

approved by the Ethics in Research Committee (CEP) according to report number 4.018.746. 

The study was conducted in accordance with the Good Clinical Practice and the Declaration 

of Helsinki. All research participants provided written informed consent. 
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Inclusion and exclusion criteria 

Eighty healthy female adult volunteers, aged between 18 and 60 years old, with 

normal or dry skin and with healthy skin in the assessment area (forearms) were enrolled in 

the study. The main inclusion criteria were the absence of allergic reactions history, irritation 

or intense sensations of discomfort with products of topical use, presence of active dermatosis 

(local or spread) and presence of cutaneous marks in the experimental area that could 

intervene with the evaluation of possible cutaneous reactions. The research participants were 

required to refrain from the use of topical and cosmetic products on the forearms for 48 hours 

preceding study inclusion. 

The exclusion criteria were following as: women who were pregnant or nursing, 

hormonal medication during the previous 3 months to the study start, exposure to sunlight or 

artificial ultraviolet light previous 15 days to the study start, esthetical and dermatological 

treatment or treatment with acidic vitamin A and/or its derivatives up to 1 month before the 

study. 

 

Emollients:  

Vegetable oils were chosen for this work, as follows: Canola Oil, Prunus 

Amygdalus Dulcis Oil, Carya Illinoensis Seed Oil, Helianthus Annuus Seed Oil, and Ricinus 

Communis Seed Oil.  Petrolatum was used as positive control for skin occlusion. Table 1 lists 

the raw materials used in this study, including the corresponding supplier and the country of 

origin. 

 

TABLE 1 List of raw material used in the study 

 

 

Assessment of skin occlusion potential 

The quantification of the transepidermal water loss (TEWL) is one of the most 

reliable non-invasive methods used to assess the skin barrier function.1 This method can also 

be used to assess the occlusive and wetting effect of products applied to the skin. 



36 

TEWL measures were performed using the Tewameter® TM300 probe (Courage 

& Khazaka Co. Germany). Tewameter® TM300 probe consists of an open cylinder containing 

two pairs of temperature and humidity sensors positioned at different distances from the skin 

surface, which can indirectly detect the water vapor gradient. The density of the water 

evaporation flow from the skin is analyzed by a microprocessor and expressed in g / m2/ h.9,10 

Previously to the measurements, research participants remained in rest for 30 

minutes, with the forearms exposed, in an environment with temperatures of 18 to 22 °C and 

relative air humidity between 45 and 55 %, as recommended by the European Group on 

Efficacy Measurement and Evaluation of Cosmetics and other Products.10 The ambient 

conditions were kept constant during all the execution of the study and permanence of the 

participants of the research in the laboratory. 

TEWL measurements were performed before (baseline) and after 15 minutes, 2 

and 6 hours of emollients application. The measures were carried through supporting the 

sounding lead lightly and perpendicularly to the skin until the stabilization of the readings. Each 

set of measurements was comprised of two individual measurements. From these 

measurements, the mean value was calculated. 

 

Experimental design  

The research participants were divided randomly into four study groups (called 

groups A, B, C and D) through a method of simple randomization. In each study group were 

evaluated one or two emollients, beyond Petrolatum and the controlled area (without 

application of products). The products were applied randomly to the volar side of the forearm, 

as described below: a) Group A: one area treated with Canola Oil, one area treated with 

Petrolatum and one area not treated (control); b) Group B: one area treated with Prunus 

Amygdalus Dulcis Oil, one area treated with Petrolatum and one area not treated (control); c) 

Group C: two areas treated with Carya Illinoinensis Seed Oil and Helianthus Annuus Seed Oil, 

respectively, one area treated with Petrolatum and one area not treated (control);  d) Group D: 

one area treated with Ricinus Communis Seed Oil, one area treated with the o Petrolatum and 

one area not treated (control);  

sample of 20 valid data for tested product. 

Areas of 2.5 x 4.0 cm were demarcated for the accomplishment of the 

measurements of TEWL and standardized application of the products in the research 

participants' forearms, and one of these two areas was used as control (did not receive 

application of any products).  
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The application of emollients was carried out in the ratio of 2 µL/cm ² or 2 mg/cm ² 

in the case of Petrolatum. The products were spread homogeneously on the respective areas 

of evaluation with the aid of a disposable fingerstall.  

 

Statistical Analysis  

Mean values and standard deviations were calculated. The normal distribution of 

the data was checked by the Shapiro-Wilk test. Statistical analysis was adapted to each assay. 

One- among 

the research participants included in each group and between the study groups. One-way 

throughout the study (baseline versus post-application) and to compare the effect of the 

emollients to the untreated area. t-Student (if the normality hypothesis not rejected) or 

Wilcoxon (normality hypothesis rejected) for paired data were used to compare the occlusion 

effect of the vegetable oils to the petrolatum. 

 

Safety 

Tolerance of products was evaluated 6 hours after application of the emollients 

and included erythema, pruritus, burning and other skin complaints on the forearms. The study 

was followed up by a dermatologist. The spontaneous reports of discomfort sensations by the 

research participants were also recorded and clinically evaluated. 

 

Results: 

Effect on skin occlusion 

The skin barrier condition of the research participants at the beginning of the study 

was statistically compared to verify baseline homogeneity. Significant statistically differences 

were not observed (P> 0.05) in the baseline values of TEWL among the research participants 

included in the same study group and among the research participants included in the different 

study groups, which indicated the homogeneity of the baseline condition of the cutaneous 

barrier. 

Table 2 demonstrates the mean values and standard deviations of TEWL (g/m2/h) 

obtained before and after application of the emollients throughout the study.11  
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TABLE 2 Mean values and standard deviations of TEWL (g/m2/h) obtained previous to 

application and 15 min, 2 and 6 h post-application for all applied emollients. 

 

* Indicates significant difference (p< 0.05) in relation to the baseline. 

1  the mean values and standard deviations were calculated considering the data obtained in the four 

study groups. 

 

The TEWL measurement is an important non-invasive tool applied to evaluate 

changes in the barrier function of the stratum corneum.10 In intact skin, the values of TEWL 

are rather low, and the opposite occurs in impaired skin, which presents higher TEWL values.12 

The decrease in TEWL values was expected after the application of the emollients, 

because these ingredients are derived from lipids, such as oils and fats, which can act as 

occlusive agents, forming a hydrophobic layer on the skin surface, preventing water loss from 

skin.13  

According to the statistical results and the data showed in Table 2, it was possible 

observed that the application of all vegetable oils and the petrolatum provided a significant (P< 

0.05) decrease in TEWL after 15 minutes, 2 and 6 hours, which demonstrated a significant 

skin occlusion effect for up to 6 hours. Untreated area did not show significant variation in 

TEWL values throughout the study in the four groups evaluated.  

The mean percentage of decrease in TEWL, from baseline, provided by applying 

of all emollients is shown in Figure 1. TEWL decrease was observed 15 minutes, 2- and 6-

hours post-application for all emollients evaluated. 
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FIGURE 1 Mean percentage of decrease in TEWL provided by the emollients, in relation to 

the baseline condition. 

 

Significant differences (P < 0.05) were found between untreated area (control) and 

all evaluated emollients at 15 minutes, 2- and 6-hours post-application. 

When compared to the petrolatum, all vegetable oils showed significantly lower (P 

< 0.05) skin occlusion performance after 15 minutes of application, which demonstrated that 

the petrolatum provided a superior immediate occlusive effect on skin.  

 Canola Oil showed significantly lower (P < 0.05) skin occlusion performance for 

up to 2 hours of application, compared to petrolatum. After 6 hours of application, no observed 

significant difference (P > 0.05) between them. Prunus Amygdalus Dulcis Oil, Carya 

Illinoinensis Seed Oil, Helianthus Annuus Seed Oil and Ricinus Communis Seed Oil did not 

show any significant difference (P > 0.05) in skin occlusion after 2 and 6 hours of application, 

compared to petrolatum. This result demonstrated that these vegetable oils showed a skin 

occlusion performance equivalent to petrolatum after 2 and 6 hours of application. 

 

Safety 

No adverse events related to the application of the products were reported by the 

dermatologist throughout the study, and no research participants reported any discomfort 

sensation or skin disorders during the study. 
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DISCUSSION 

In this study, we evaluated the occlusive performance of some vegetable oils used 

as emollient in skin care emulsions, and comparing the effectiveness of these ingredients with 

petrolatum, an oil-derived emollient that has a high skin occlusive potential14 and widely used 

in the cosmetic industry. The occlusive performance is just one of numerous parameters that 

must be evaluated in the replacement of petrolatum with vegetable oils, to avoid impact on the 

physicochemical and structural properties of the emulsions. 

Petrolatum is obtained through the dewaxing of heavy mineral oils and is the basis 

for many moisturizers formulations, especially due to its high occlusive potential, which can 

reduce TEWL by up to 99%.12,15 This cosmetic ingredient can also act to restore the stratum 

corneum barrier, reduce the appearance of fine lines caused by dehydration, and it can make 

the skin surface smooth and soft.16 Nonetheless, due to the negative impact that the 

manufacture of petrolatum causes on the environment, this ingredient has been replaced in 

the cosmetic industry by natural and less harmful alternatives. 

In this context, vegetable oils, which are emollients derived from plants, are gaining 

importance in the cosmetic industry in the last few years as a substitute for emollients of 

mineral or synthetic origin, such as petrolatum. Vegetable oils are composed mainly of 

triglycerides. More than 90% of vegetable oil is composed of triglycerides with a small amount 

of mono and diglycerides.17 The chemical structure of the triglycerides consists of a glycerol 

fragment esterified with fatty acids. Therefore, the vegetable oils present a wide variety of fatty 

acids, which determines the characteristics of the oil with respect to stability, skin feel, and 

effects on the skin.18  

Prunus Amygdalus Dulcis Oil, Carya Illinoinensis Seed Oil and Helianthus Annuus 

Seed Oil, are respectively derived from the almond candy, nut pecan seed and sunflower seed. 

Prunus Amygdalus Dulcis Oil and Carya Illinoinensis Seed Oil are constituted mainly by oleic 

fatty acid and Helianthus Annuus Seed Oil presents high acid concentration of linoleic fatty 

acid.19 Ricinus Communis Seed Oil, popularly known as castor oil, contains about 90% 

ricinoleic acid and small amounts of palmitic, stearic, oleic and linoleic fatty acids.17 Canola 

Oil is a vegetable oil extracted from oleaginous seeds of the species Brassica, mainly rich in 

oleic and linoleic unsaturated fatty acids.20 

Among the other substances that can be found in vegetable oils are phospholipids, 

glycolipids, sulpholipids, sphingolipids, waxes (saponifiable fraction) and hydrocarbons like 

squalene, pigments in the form of carotenoids and chlorophyll, vitamin E, phytosterols, 

polyphenols, and triterpene alcohols (no saponifiable fraction). 17 

Skincare products with high lipid content are recommended for the care of dry skin 

and inflammatory skin conditions.21 Under these conditions, the skin is usually more sensitive 

or sensitized. Therefore, other parameters ranging from the stability of formulations in which 
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the oils are integrated to the spreading behavior on the skin and the sensory properties of the 

formulas, must be evaluated when the aim is to replace raw materials in skincare products.  

vegetable oils, such as Prunus Amygdalus Dulcis Oil and Helianthus Annuus Seed Oil, which 

were also evaluated in this study, exhibit good stability and biophysical characteristics when 

subjected to various storage conditions.  

Patzelt et. al (12) used in vivo laser scanning microscopy (LSM) to investigate and 

compare the penetration into the skin barrier of the paraffin oil and several vegetable oils (raw 

oils), and they used the petrolatum as a positive control. They observed that the paraffin oil, 

as well as the vegetable oils, penetrated only into the first upper layers of the stratum corneum, 

and the petrolatum was detected only on the skin surface. In this study, they also show the 

superiority of petrolatum in skin occlusion 30 minutes post-application, in relation to paraffin oil 

and vegetable oils, through TEWL measurements. 

Currently, the use of raw materials of plant origin is a strong tendency of the 

cosmetic industry. The movement towards the green, sustainable and natural products has 

grown considerably in the last few decades, making with that the market of personal products 

adopts alternative trends and technologies to respond to the demand of the consumers.7,23 

However, it is very necessary to understand and study the impact of replacing some 

conventional ingredients, with already known effectiveness, with other natural and sustainable 

ones.  

 

CONCLUSION 

The overall results showed that vegetable oils are able to provide a significant skin 

occlusion effect from baseline. The vegetable oils did not provide a high immediate skin 

occlusion effect (15 minutes post-application) as the petrolatum, which is known to have 

increased occlusion properties. However, most of them showed a skin occlusion performance 

comparable to petrolatum throughout the 6-hour time course. 

Although vegetable oils have not provided a superior occlusive effect, the occlusive 

performance equivalent to petrolatum, as well as the increasing tendency to use green, 

sustainable and natural products, may justify the replacement of this conventional ingredient 

with oils of vegetable origin, in skincare products. 

The recognition of the performance properties of plant origin emollients with 

occlusive potential is a thematic of extreme importance for the development of new 

formulations and to conceive prescription forms aimed at better clinical responses to repair 

and moisturize the skin, in addition to meeting the demand for eco-friendly products. 
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5.2.2. Artigo 2 - Emollients from natural sources as alternatives to petrolatum in 

cosmetic formulations 

 

O artigo 2 encontra-se em estado de finalização e processo de submissão a um 

periódico científico a posteriori podendo ainda sofrer alterações até sua versão final. 

_________________________________________________________________________ 
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Abstract 

 

Objective: To evaluate the skin occlusive effect of emollients commonly used in skin care 

formulations in order to propose natural alternatives to the use of petrolatum. 

Methods: 20 healthy female subjects in the age range of 38 to 54 years were enrolled in this 

study. The skin occlusion effect was evaluated by transepidermal water loss (TEWL) 

measurements. The measurements were performed before and after 15 minutes, 2 hours, and 

6 hours of application of petrolatum, caprylic/capric triglyceride and dodecane 

volar forearm. 

Results: All emollients evaluated provided a significant skin occlusion for up to 6 hours of 

application, compared to the baseline. Petrolatum provided a significantly greater reduction in 

TEWL compared to caprylic/capric triglyceride at 15 minutes and 2 hours and compared to 

dodecane at 15 minutes after application. After 6 hours of application, there were no significant 

differences among the emollients, demonstrating skin occlusion performance equivalent to 

petrolatum. 

Conclusion: The emollients caprylic/capric triglyceride and dodecane did not provide an 

immediate skin occlusion effect comparable to petrolatum but showed a skin occlusion 

performance equivalent to petrolatum in terms of prolonged effect. Although the results 

showed that the caprylic/capric triglyceride and dodecane did not provide a superior occlusive 

effect compared to petroleum, their natural and sustainable origin, in addition to their significant 

occlusive performance from baseline, may justify their use as a substitute for petrolatum in skin 

care formulations. 

  

Keywords: skin occlusive performance, natural emollients, petrolatum, skin care formulation, 

topical formulations 

 

Introduction 

Emollients are common substances used in moisturizers, which have an occlusive 

action and provide an exogenous barrier to water loss and may help to improve skin hydration 

in individuals with skin dryness condition [1]. These ingredients can be divided into four main 

groups according to their chemical family: hydrocarbons, fatty alcohols, esters and silicone 
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derivatives, most of which can come from natural sources. They can also be synthetic, and 

some can also be of animal or mineral origin [2]. Petrolatum is the most popular emollient used 

in topical products. It is widely used as a moisturizer in cosmetic skin care and, through its 

recognized occlusive property, is able to reduce transepidermal water loss (TEWL) [3]. Despite 

its high performance as an emollient, petrolatum has been replaced in cosmetic formulations 

by more natural and sustainable alternatives, such as oils, butters, waxes and fats of vegetable 

origin. The replacement of synthetic raw materials with natural alternatives in cosmetic 

products has increased due to consumer concern about the negative effects that synthetic 

materials have on health and on the environment [4]. Therefore, in order to meet consumer 

demands, marketing trends are moving towards cosmetics based on natural ingredients, 

generally associated with a healthy lifestyle [5].   

The aim of this study was to propose natural alternatives to the use of petrolatum 

as an emollient in cosmetic formulations by evaluating the occlusive performance of the skin. 

Replacing petrolatum with natural ingredients in cosmetic formulations can be quite 

challenging. The occlusive effect is therefore only one of several parameters that need to be 

evaluated when replacing petrolatum as an emollient in a skin care formulation. Skin occlusion 

was assessed using TEWL measurements, which can assess skin barrier function by 

estimating the flux density of water diffusing from the dermis and epidermis through the stratum 

corneum (SC) to the skin surface [6,7] 

  

Methods 

Ethical approval and study population 

The comparative and controlled study was approved by the Ethics in Research 

Committee of State University of Campinas, according to study protocol number 

29880820.2.0000.5404. The study was conducted in accordance with the Good Clinical 

Practice and the Declaration of Helsinki. All subjects provided a written informed consent. 

Twenty (20) healthy female subjects in the 38-54 age range, with non-pathological 

normal or dry skin participated in the study. The main inclusion criteria were: (i) absence of 

allergic reactions history, irritation or intense sensations of discomfort with products of topical 

use, (ii) presence of active dermatosis (local or spread) and (iii) presence of cutaneous marks 

in the experimental area that could intervene with the evaluation of possible cutaneous 

reactions. The main exclusion criteria were: (i) pregnancy or breastfeeding, (ii) presence of 

active dermatosis (local or spread), (iii) intense exposure to sunlight or artificial ultraviolet rays 

up to two weeks before the start of the study, (iv) esthetical and dermatological treatment up 

to four weeks prior to study, (v) treatment with acidic vitamin A and/or its derivatives up to one 

month before the study. The participants did not apply any dermatological or cosmetic products 

to their forearms for 48 hours prior to the study. 
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Emollients 

Table 1 lists the emollients evaluated in this study, including the corresponding 

supplier and country of origin. 

 Caprylic/Capric Triglyceride is a synthetic triglyceride used as an emollient in skin 

care formulations. It is obtained through the esterification between glycerol, deriving from fatty 

acid extracted from coconut oil or palm oil, and a mixture of caprylic and capric acids [8]. 

Dodecane is a linear hydrocarbon obtained from a patented process of dehydration, distillation 

and hydrogenation of palm oil [9]. Petrolatum is a semisolid mixture of hydrocarbons obtained 

by dewaxing of heavy mineral oils. It is considered a safe nonpolar oil that is widely used as a 

base material in ointments and cosmetics [10,11]. 

  

Single application test 

x 4.0 cm each. Each test site received a single 20 µL (2 µL/cm²) application of petrolatum, 

caprylic/capric triglyceride, dodecane or no treatment (control site). The allocation of the test 

sites was randomized within the forearm using the aleatory function of the Excel® software. 

The biophysical measurements were performed before and after 15 minutes, 2 hours, and 6 

hours of treatment application. Subjects were asked to refrain from washing the test sites until 

completion of the study 

  

Biophysical measurements 

The occlusive potential of the emollients was evaluated by TEWL measurements 

using the Tewameter® TM300 probe (Courage & Khazaka Electronic GmbH, Köln, Germany). 

The assessment was performed in a room maintained at 20 ± 2 °C and 50 ± 5% relative air 

humidity [14]. All test sites were acclimatized to room conditions for 30 minutes before 

assessment. TEWL is defined as the density gradient of water that evaporates from the skin 

and which is measured by the two pairs of sensors (temperature and humidity) of the probe 

[12,13]. In this way, TEWL measurement can be used to evaluate the skin barrier integrity and 

the occlusion effect provided by topical products. The volume of water loss is expressed in 

grams per square meter per hour (g/m2/h) [6,13]. 

TEWL was expressed as the mean ± standard deviations (SD) of duplicate 

readings taken at each test site, including the control site, at each time point of assessment. A 

total of 640 values were collected for the study group. Each measurement was performed with 

the probe gently supported perpendicular to the skin until the readings stabilized, which 

occurred approximately 45 seconds after the start of the measurement [1]. 
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Statistical analysis 

The normal distribution of the data was checked by the Shapiro-Wilk test. One-way 

included in the study group. One- mpare 

the significance of TEWL variation throughout the study (baseline versus post-application) and 

to compare the effect of the emollients to the untreated area. t-Student (normality hypothesis 

not rejected) or Wilcoxon (normality hypothesis rejected) for paired data were used to compare 

the occlusive effect of caprylic/capric triglyceride and dodecane to petrolatum, and between 

each other. 

 

 Results 

A significant decrease (p<0.05) in skin TEWL was found after 15 minutes, 2 hours, 

and 6 hours after application of caprylic/capric triglyceride, dodecane and petrolatum, in 

comparison to the TEWL measurement prior to the application of the emollients. The same 

results were observed for the comparison with the untreated area. Table 2 shows the mean 

values of TEWL obtained before and after application of the emollients throughout the study. 

All emollients evaluated provided significant skin occlusion for up to 6 hours after 

the application. The untreated area showed no change in TEWL throughout the study. These 

results are supported by the statistical analysis and the data presented in Table 2. 

Figure 1 shows the percentage decrease in TEWL after the application of the 

emollients, in comparison to the TEWL measurements obtained prior to the application of the 

emollients. The percentage (%) decrease in TEWL was calculated by the equation: % = 100 x 

(TEWL at baseline  TEWL after application of the emollients) / TEWL at baseline. 

Petrolatum provided significantly greater reduction (p<0.05) in TEWL 15 minutes 

and 2 hours after the application compared to caprylic/capric triglyceride, and after 15 minutes 

of application compared to dodecane, which demonstrated that petrolatum provided a superior 

occlusive effect on skin mainly 15 minutes after the application. No significant differences 

(p>0.05) were observed between the emollients after 6 hours, indicating that caprylic/capric 

triglyceride and dodecane showed a skin occlusion performance comparable to petrolatum 6 

hours after the application. No significant differences (p>0.05) were observed between the 

occlusion performance of caprylic/capric triglyceride and dodecane. 

  

Discussion 

Emollients are ingredients widely used in personal care formulations [15]. 

Generally, the concentration of emollients is between 3% and 20% (wt/wt) in emulsions. Thus 

they represent the second major group of ingredients in a formulation second only to water 

[16]. The main function of emollients is to provide occlusion on skin surface and to encourage 
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build-up of water within the SC [17], thus reducing TEWL. Petrolatum is usually employed as 

a gold standard in comparative tests of the ability of emollients to provide reduction in TEWL 

[18]. Despite its recognized emollient properties, petrolatum is produced from fossil fuels and 

the negative environmental impact of its production, particularly global warming, has led 

industries in various sectors to look for renewable and sustainable alternatives to this resource. 

The aim of this study was to propose natural alternatives to the use of petrolatum 

as an emollient in cosmetic formulations. Emollients can be used to adjust consistency, 

improve spread properties, and can influence the overall acceptability of products by 

consumers [15,19]. The occlusive effect is therefore just one of several parameters that need 

to be considered when replacing petrolatum as an emollient in a skin care formulation. 

Some vegetable oils can provide an occlusive effect equivalent to petrolatum [20]. 

However, vegetable oils are susceptible to oxidation, which can occur via different routes and 

includes autoxidation, photooxidation, thermal oxidation, and enzymatic as well as hydrolytic 

processes [21]. In this way, in some cases, the use of vegetable oil as an emollient in cosmetic 

formulations is not convenient. Caprylic/capric triglyceride and dodecane are synthetic 

emollients that come from vegetable sources. Caprylic/capric triglyceride is synthesized from 

glycerol derived from coconut or palm oil and fatty acids. This emollient is considered a 

medium-chain triglyceride (MCT), that refers to a mix of triacylglycerols of saturated fatty acids 

with a chain length of 6-10 carbons, which includes caprylic acid (C8:0) and capric acid (C10:0) 

than other medium-  

excellent oxidation and heat stability, low viscosity and no odor [24]. These characteristics 

result in a longer shelf-life, good spreadability and adhesion to surfaces, providing even 

coverage. Moreover, they do not interfere with the odors in the formulations. Dodecane is a 

natural hydrocarbon produced from a process of dehydration, distillation and hydrogenation of 

the palm. Natural hydrocarbons are easily oxidized due to their high degree of unsaturation, 

but the hydrogenation process makes hydrocarbon saturated, which has many advantages 

such as chemical inertia, resistance to oxidation and to hydrolysis [2,25]. 

The results showed that caprylic/capric triglyceride and dodecane provided a 

significant skin occlusion effect for up to 6 hours from the baseline. When compared to 

petrolatum, these emollients did not have an immediate skin occlusion effect (15 minutes post-

application). However, both emollients were comparable to petrolatum in terms of prolonged 

occlusive effect (6 hours post- application). Caprylic/capric triglyceride and dodecane did not 

show a significant difference in the skin occlusion effect when compared to each other. 

Dodecane is derived from a process of producing bio hydrocarbons from palm kernel oil fatty 

acids [26]. The hydrotreating process, which is responsible for removing oxygen atoms in the 

chain of molecules of fatty acids to obtain bio hydrocarbons, can be costly. This can make the 
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dodecane production process more expensive [26,27]. In this way, the use of caprylic/capric 

triglyceride may be a better option of emollient in relation to cost-benefit compared to 

dodecane. 

 

Conclusion 

The emollients caprylic/capric triglyceride and dodecane were effective in providing 

a skin occlusion effect throughout the 6-hour time course. Although they did not provide an 

immediate skin occlusion effect comparable to petrolatum, both showed a skin occlusion 

performance equivalent to petrolatum in terms of prolonged effect (6 hours after the 

application). The overall results demonstrated that caprylic/capric triglyceride and dodecane 

did not show a superior occlusive effect compared to petroleum. However, their natural and 

sustainable origin, in addition to their significant occlusive performance from baseline, may 

justify their use as a substitute for petrolatum in skin care formulations. This is an important 

finding as it could help formulators to develop cosmetic formulations to treat and protect the 

skin barrier, as well as helping to improve environmental protection by reducing the use of 

petrolatum in skin care formulations. 

 

Table 1. List of emollients evaluated in the study. 

 

 

Table 2. The mean values of TEWL (g/m2/h) obtained before and after application of the 

emollients 
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Figure 1. The percentage decrease in TEWL after the application of the emollients, relative to 

the TEWL measurements obtained prior to the application of the emollients. 
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 5.3. Discussão 

 Os dois artigos científicos abordaram a avaliação do efeito oclusivo de emolientes 

cosméticos, comparando-os ao petrolato. O artigo 1 explora os resultados obtidos apenas 

para os óleos vegetais e o artigo 2 reporta os resultados obtidos para o triglicerídeo de ácido 

cáprico e caprílico (TACC) e dodecano.  

Para o desenvolvimento da formulação optamos por utilizar apenas emolientes de 

origem natural. Esta decisão tomou como base a crescente tendência das indústrias 

cosméticas em utilizar matérias-primas de origem renovável, o que é impulsionado pela 

demanda dos consumidores por produtos cosméticos que sejam menos agressivos ao meio 

ambiente e que estejam vinculados a hábitos e estilo de vida saudáveis (80;77).  
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Os óleos vegetais apresentaram performance oclusiva comparável ao petrolato, 

entretanto, estes emolientes são muito suscetíveis à oxidação (81), o que pode comprometer 

a estabilidade da formulação e trazer morosidade ao desenvolvimento do produto final. Desta 

forma, optamos por não usar um óleo vegetal na composição da formulação, para minimizar 

os riscos de haver problemas com a estabilidade da fórmula e ser necessário recomeçar o 

processo. O contexto da pandemia de COVID-19, que impôs restrições significativas às 

atividades laboratoriais, assim como medidas de distanciamento social e isolamento em casos 

suspeitos, contribuíram para atrasos e dificuldades operacionais, e por isso, foram 

necessárias algumas decisões para acelerar o processo de desenvolvimento, para que 

houvesse tempo hábil para realizar o ensaio clínico de avaliação da eficácia da formulação 

final. 

As demais opções de emolientes eram o carbonato de dicaprilil, palmitato de 

isopropila, dodecano e TACC.  O carbonato de dicaprilil e o palmitato de isopropila não são 

emolientes de origem natural. Ambos são ésteres respectivamente sintetizados a partir da 

reação de transesterificação entre o octanol e o carbonato de dimetila (82) e pela esterificação 

do ácido palmítico com o isopropanol (83). Por esta razão, estes emolientes não foram 

considerados para a composição da formulação teste. Seguido dos óleos vegetais, o 

dodecano foi o emoliente de origem vegetal que apresentou a melhor performance oclusiva, 

inclusive superior ao TACC. Entretanto, este emoliente apresenta alto custo em relação ao 

TACC. De acordo com uma pesquisa realizada com fornecedores de matéria-prima, o valor 

do Dodecano é aproximadamente 40% mais elevado que o TACC em escala magistral, e 

cerca de 70% em escala industrial. Como um dos objetivos da pesquisa é desenvolver uma 

formulação cosmética com baixo custo, optamos por utilizar o TACC, que é obtido pela 

esterificação entre o glicerol, proveniente de ácidos graxos extraídos do  óleo de coco ou de 

palma, e uma mistura dos ácidos graxos caprílico e cáprico (75), além de ser um triglicerídeo 

de cadeia média (TCM), o que confere ao TACC excelente estabilidade à oxidação e boa 

estabilidade ao calor, baixa viscosidade e ausência de odor (84). 
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6. CAPÍTULO II: Ensaio clínico para avaliação da 
eficácia do sistema umectante da formulação 

6.1. Casuística e métodos 

6.1.1. Seleção dos umectantes cosméticos 

Para este estudo foram selecionados três umectantes: 1,3-propanediol, glicerol e 

butilenoglicol. 

O 1,3-propanediol foi escolhido como o principal umectante do estudo devido a 

sua origem natural. Este umectante é derivado do processo de fermentação do açúcar de 

milho e é uma alternativa ao uso de glicóis derivados do petróleo em produtos cosméticos 

(85;86). O efeito do 1,3-propanediol sobre a hidratação da pele e melhora da função da 

barreira cutânea foi avaliado em três diferentes concentrações: 5%, 10% e 15%, aplicado 

sozinho ou combinado com o glicerol e/ou butilenoglicol. 

O glicerol e o butilenoglicol foram selecionados por serem umectantes muito 

utilizados em produtos cosméticos skincare. O glicerol é um álcool tri-hidroxilado geralmente 

obtido da saponificação de lipídeos, e é provavelmente o umectante mais utilizado em 

produtos cosméticos (87;88). O butilenoglicol, além de sua propriedade umectante, auxilia no 

aumento da estabilidade das emulsões devido a sua capacidade de se dissolver tanto em 

água como em óleo (89). A concentração do glicerol e do butilenoglicol foi mantida em 5% no 

experimento. 

Os umectantes foram incorporados a uma base cosmética auto emulsionável. 

6.1.2. Delineamento experimental 

Foi realizado um estudo clínico aberto, randomizado e controlado com 

participantes da pesquisa saudáveis do sexo feminino, todos os fototipos, com idade entre 18 

e 57 anos. O Anexo IV apresenta os dados (iniciais, idade e fototipo) dos participantes da 

pesquisa incluídos no estudo. Os 30 participantes da pesquisa incluídos no estudo foram 

divididos aleatoriamente em três grupos: 

Grupo A: aplicou-se as amostras: 1,3-propanodiol 5%; 1,3-propanodiol 5% mais 

(+) butilenoglicol 5%; 1,3-propanodiol 5% + glicerol 5%; 1,3-propanodiol 5% + butilenoglicol 

5% + glicerol 5%; 

Grupo B: aplicou-se as amostras: 1,3-propanodiol 10%; 1,3-propanodiol 10% + 

butilenoglicol 5%; 1,3-propanodiol 10% + glicerol 5%; 1,3-propanodiol 10% + butilenoglicol 5% 

+ glicerol 5%; 
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Grupo C: aplicou-se as amostras: 1,3-propanodiol 15%; 1,3-propanodiol 15% + 

butilenoglicol 5%; 1,3-propanodiol 15% + glicerol 5%;  1,3-propanodiol 15% + butilenoglicol 

5% + glicerol 5%. 

6.1.3. Critérios de inclusão 

Mulheres, com idade entre 18 e 60 anos, todos os fototipos, com pele normal a 

seca e integra na região do estudo, concordância em aderir aos procedimentos e exigências 

do estudo informados pelo pesquisador durante a explicação do TCLE, anuir a participação 

com a assinatura do TCLE. 

6.1.4. Critérios de não inclusão 

Antecedentes de reações alérgicas, irritação ou sensações de desconforto 

intensas a produtos de uso tópico: cosméticos ou medicamentos; marcas cutâneas na área 

experimental que interfiram na avaliação de possíveis reações cutâneas (distúrbios da 

pigmentação, más-formações vasculares, cicatrizes, aumento de pilosidade, sardas e 

verrugas em grande quantidade, queimaduras solares); presença de dermatoses ativas (local 

ou disseminada) que possam interferir nos resultados do estudo; uso de anti-inflamatórios não 

hormonais, corticóides, anti-histamínicos, fotossensibilizante ou imunossupressores até 2 

semanas antes do estudo; exposição solar intensa ou a sessão de bronzeamento até 15 dias 

antes da avaliação inicial; tratamento estético ou dermatológico corporal até 4 semanas antes 

do estudo; tratamentos hormonais não estáveis nos últimos 3 meses; tratamento com vitamina 

A ácida e/ou seus derivados até 1 mês antes do estudo; pessoas diretamente envolvidas na 

realização do estudo e seus familiares; estar participando de outro estudo. 

6.1.5. Métricas e parâmetros avaliados 

O efeito hidratante dos umectantes foi avaliado através de medidas de 

capacitância e a eficiência da barreira cutânea foi avaliada por medidas de perda de água 

transepidermal (TEWL). As medidas foram realizadas antes de aplicar os umectantes (basal), 

após 15 minutos, 2 e 6 horas da aplicação. 

Antes de realizar as medições, os participantes da pesquisa permaneceram em 

ambiente com temperatura de 20 a 24ºC e umidade relativa de 50 a 60 % durante 30 minutos 

para aclimatação (78). As condições ambientais foram mantidas constantes durante todo o 

período de realização do estudo no laboratório. 

Para a realização das medidas de capacitância e TEWL e aplicação padronizada 

dos umectantes foram demarcados retângulos medindo 2,5 x 4,0 cm2 na face volar dos 

antebraços dos participantes da pesquisa.  
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A hidratação do estrato córneo (EC) foi avaliada usando o dispositivo 

Corneometer® CM825 (Courage & Khazaka Electronic GmbH, Alemanha), que se baseia na 

medição da capacitância elétrica, que está diretamente relacionada ao conteúdo de água no 

EC; quanto maior o nível de hidratação do EC, maiores os valores de capacitância (90). As 

medidas de capacitância são convertidas em unidades arbitrárias (u.a.). O valor médio de 

cinco medições obtidas foi utilizado nos cálculos. 

O dispositivo Tewameter® TM300 (Courage & Khazaka Electronic GmbH, 

Alemanha) foi utilizado para medir a TEWL. A TEWL, medida em g/h/m2, é um parâmetro 

muito usado para avaliar a integridade da barreira da pele (66). O valor médio de duas 

medições obtidas foi utilizado nos cálculos. 

6.2. Resultados e discussão 

Os resultados obtidos no ensaio clínico para avaliação da eficácia do sistema 

umectante da formulação foram reportados em um artigo. 

 

6.2.1. Artigo 3 - Effects of 1,3-propanediol associated, or not, with butylene 

glycol and/or glycerol on skin hydration and skin barrier function 

 

O artigo foi publicado no periódico International Journal of Cosmetic Science, 

Volume 46, em 2024 e cuja permissão para reprodução na íntegra neste relatório encontra-

se no Anexo V. 

 _________________________________________________________________________ 

Effects of 1,3-propanediol associated, or not, with butylene glycol and/or glycerol on 

skin hydration and skin barrier function 

 Juliana Rodrigues Pinto1, Silas Arandas Monteiro e Silva PhD1, Gislaine Ricci Leonardi PhD1* 

1.   Faculty of Pharmaceutical Sciences, University of Campinas (Unicamp), Campinas, 

Brazil. 

 

ABSTRACT 

OBJECTIVE: This study aimed to assess the effect of 1,3-propanediol at different 

concentrations (5%, 10%, or 15%), either applied alone or in combination with butylene glycol 

(5%) and/or glycerol (5%), on skin hydration and skin barrier function. The measurements were 
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conducted using capacitance to determine skin hydration and trans epidermal water loss 

(TEWL) rates to evaluate skin barrier function. 

METHODS: A total of 30 healthy female subjects participated in the study. Capacitance and 

TEWL measurements were conducted at multiple time points, including before application and 

at 15 minutes, 2 hours, and 8 hours after the humectants were applied to the forearms of the 

subjects. All subjects provided written informed consent. 

RESULTS: The 1,3-propanediol in all concentrations and in all combinations (with butylene 

glycol and/or glycerol) increased skin hydration and improved skin barrier function 15 minutes, 

2 hours, and 8 hours after application. Glycerol increased the hydration performance of 1,3-

propanediol. The application of 1,3-propanediol at a concentration of 15%, either alone or in 

combination with other humectants, reduced the TEWL to a greater extent than lower 

concentrations of 1,3-propanediol. Furthermore, the addition of glycerol to 1,3-propanediol 

15% improved the skin barrier and reduced TEWL when compared with 1,3-propanediol alone 

and with the combination of1,3-propanediol + butylene glycol. 

CONCLUSION: The humectants significantly improved skin hydration and reduced TEWL 

throughout the 8-hour time course. The increase in 1,3-propanediol concentration, as well as 

its combination with glycerol, provided a greater benefit to the skin, improving both hydration 

and the skin barrier function. 

  

Keywords: 

Skin hydration, skin barrier function, humectant, capacitance, TEWL 

 

  

INTRODUCTION 

Dryness is a prevalent skin condition that can either be a non-pathological 

occurrence or be linked to a dermatological disorder, such as xerosis. Xerosis is a common 

skin disorder characterized by excessive dehydration, resulting in the formation of scales and 

a rough texture on the skin surface (1). 

The water content of the stratum corneum directly affects its hydration level. In 

normal conditions, a healthy stratum corneum typically contains around 15% to 20% water.  

When the water content drops below 10%, visible scales may form, and the skin can appear 

rough and dry (2). The epidermis has its own natural mechanisms, including the presence of 

natural moisturizing factors, to prevent skin dryness. However, moisturizers can be applied 

topically to the skin to help prevent this undesired condition. 

The main objective of moisturizers is to replenish lipid on the skin surface after 

cleansing. However, moisturizers are required to fulfill four fundamental requirements: to make 
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the skin smooth and soft, enhance skin hydration, improve overall appearance, and potentially 

deliver active ingredients to the skin surface (3). 

The use of humectant ingredients in moisturizers function to combat skin dryness. 

Humectants are excipients that possess hygroscopic properties, enabling them to attract and 

retain water molecules. As a result, they increase the water content of the skin, enhancing 

water absorption from the dermis into the epidermis, as well as by absorbing water from the 

external environment (4). When humectants penetrate the stratum corneum, they augment the 

level of water content, resulting in a softer texture, improved flexibility, enhanced mechanical 

humectants in cosmetic products include glycerol, urea, sodium lactate, sodium PCA, 

panthenol, propylene glycol, butylene glycol, vitamins, and hyaluronic acid (3,6). 

Glycerol is probably the most commonly used humectant (6). Its effectiveness 

stems from its ability to bind and retain water in the stratum corneum, resulting in long-lasting 

moisturization. Additionally, glycerol has been found to prevent moisture-induced crystalline 

phase transitions in stratum corneum lipids, thereby improving the skin barrier function (7). 

Butylene glycol, apart from its humectant properties, serves as a valuable coupling agent that 

enhances emulsion stability. Its ability to dissolve in both water and oil enables it to improve 

the stability of emulsions (8). As a natural humectant derived through the fermentation process 

of corn sugar, 1,3-propanediol offers an alternative to petroleum-based glycols like propylene 

glycol (PG), butylene glycol (BG) and glycerin in cosmetic products (9,10). 

  

OBJECTIVE 

This study aimed to assess the effect of 1,3-propanediol at different concentrations 

(5%, 10%, or 15%), either applied alone or in combination with a 5% concentration of butylene 

glycol (butylene glycol 5%) and/or a 5% concentration of glycerol (glycerol 5%), on skin 

hydration and skin barrier function. The measurements were conducted using capacitance to 

determine skin hydration and trans epidermal water loss (TEWL) rates to evaluate skin barrier 

function. 

 

MATERIALS AND METHODS 

Study population and ethical approval 

A total of 30 healthy female subjects in the age range of 18 to 57 years, with non-

pathological dry skin participated in the study. The participants did not apply any 

dermatological or cosmetic products on their forearms for 48 hours prior to the study. The 

inclusion criteria were (i) absence of history of allergic reactions, irritation, or intense 

sensations of discomfort with products of topical use, (ii) present a non-pathological dry skin. 

Exclusion criteria were: (i) pregnancy or breastfeeding, (ii) presence of active dermatosis (local 
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or spread), (iii) intensive exposure to sunlight or artificial ultraviolet rays up to two weeks before 

the start of the study, (iv) esthetical and dermatological treatment up to four weeks prior to 

study, (v) treatment with acidic vitamin A and/or its derivatives up to one month before the 

study. 

The comparative and controlled study was approved by the Ethics in Research 

Committee, according to the study protocol number 29880820.2.0000.5404, and was 

conducted in accordance with the Good Clinical Practice and the Declaration of Helsinki. 

Written informed consent was obtained from all participants before enrolment. 

  

Test humectants 

Table I lists the humectants evaluated in this study, including the corresponding 

supplier and the country of origin. 

  

Table I 

List of humectants evaluated in the study. 

 

The primary test humectant, 1,3-propanediol, is shown in Figure 1. It is a colourless 

and viscous liquid miscible with water. This multifunctional ingredient may be used as a 

humectant, emollient, preservative-booster, viscosity enhancer, and/or natural solvent in a 

wide variety of personal care products. Due to its solvency properties, it also enables effective 

delivery of certain activities to the skin (10). 

 

 Figure 1. Chemical structure of 1,3 propanediol. 

Glycerol, also known as propane-1,2,3-triol or trihydroxypropane, has the 

molecular formula C3H8O3. The chemical structure, as shown in Figure 2, comprises three 

hydrophilic hydroxyl groups that are responsible for its hygroscopicity and water solubility 
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(11). Glycerol forms a persisting deposit within the lipids of the stratum corneum, without 

disrupting the liquid crystallinity or lamellar structure. This unique property allows glycerol to 

accumulate in the stratum corneum, contributing to its exceptional skin hydration effect (12). 

 

  Figure 2. Chemical structure of glycerol. 

Butylene glycol (C4H10O2), as shown in Figure 3, is a clear, almost colourless, 

viscous, hygroscopic liquid. It is used in cosmetics primarily as a humectant, especially in hair 

sprays and setting lotions (13). While the 1,3-butylene glycol has less of a moisturizing effect 

than glycerol, it is used as a preservative in cosmetics materials (14). 

 

 Figure 3. Chemical structure of butylene glycol. 

 

The selection of 1,3-propanediol as the main humectant evaluated in this study 

was motivated by its attributes as a skin-friendly, natural, and petroleum-free substitute for 

glycols found in cosmetics formulations (8,15). Glycerin and butylene glycol were included in 

the study due to their frequent use as humectants in skin care cosmetics (6). 

 

Equipment 

The skin capacitance and TEWL rates were measured by using the Corneometer® 

CM825 and Tewameter® TM300 probes (Courage & Khazaka Electronic GmbH, Köln, 

Germany). 

 

 Experimental design 

The participants were divided into three different groups (composed of 10 

participants each). The difference between the groups was the concentration of 1,3-
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propanediol, which increased by 5% in each group (from 5% to 15%). The concentration of 

butylene glycol and glycerol was maintained at 5% for all study groups. 

measuring 2.5 x 4.0 cm. Of these sites, four were designated for the application of the test 

humectants, while one area served as a control without any product application. The test 

humectants applied per group are described below: 

(i) Group 01: a 5% concentration of 1,3-propanediol (1,3-propanediol 5%), 1,3-

propanediol 5% plus (+) butylene glycol 5%, 1,3-propanediol 5% + glycerol 5%, and 1,3-

propanediol 5% + butylene glycol 5% + glycerol 5%; 

(ii) Group 02: a 10% concentration of 1,3-propanediol (1,3-propanediol 10%), 1,3-

propanediol 10% + butylene glycol 5%, 1,3-propanediol 10% + glycerol 5%, and 1,3-

propanediol 10% + butylene glycol 5% + glycerol 5%; 

(iii) Group 03: a 15% concentration of 1,3-propanediol (1,3-propanediol 15%), 1,3-

propanediol 15% + butylene glycol 5%, 1,3-propanediol 15% + glycerol 5%, and 1,3-

propanediol 15% + butylene glycol 5% + glycerol 5%. 

 

The application of the humectants was carried out in the ratio of 2 µL/cm² (20 µL 

in each evaluation site). They were spread homogeneously on the respective areas of 

evaluation with the aid of a disposable finger stall. 

   

Acclimatization condition 

Prior to conducting the skin hydration and TEWL measurements, the participants 

were required to rest for 30 minutes with their forearms exposed in an environment maintained 

at a temperature range of 20 to 24 °C and a relative air humidity of 50 to 60%. These 

environmental conditions align with the recommendations set by the European Group for 

Efficacy Measurements on Cosmetics and Other Topical Products (EEMCO) (16). Throughout 

the study the ambient conditions were carefully controlled, to ensure that they remained 

 

  

Bio-instrumental evaluation 

Capacitance and TEWL measurements were performed before and after 15 

minutes, 2 hours, and 8 hours of application of the humectants on the volar forearms of the 

subjects. 

Skin capacitance was expressed as the mean ± S.D. (standard deviation) of five 

readings taken at each site marked on the volar forearm, including the control area, at each 

assessment time. In total, 1000 values were collected for each study group. 
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The percentage (%) increase in skin hydration was calculated by the equation: % 

= 100 x (capacitance after application of the humectants  baseline capacitance) / baseline 

capacitance. 

TEWL rate was expressed as the mean ± S.D. of duplicate readings taken at each 

site marked on the volar forearm, including the control area, at each assessment time. In total, 

400 values were collected for each study group. 

The percentage (%) decrease in TEWL was calculated by the equation: % = 100 x 

(baseline TEWL  TEWL after application of the humectants) / baseline TEWL. 

 

Safety assessment 

The tolerance of the humectant products was assessed 8 hours after application. 

This evaluation involved observing and documenting any signs of skin irritation, such as 

erythema (redness), pruritus (itching), burning sensations, or any other skin complaints that 

may have arisen on the forearms. The study was followed up by a dermatologist. The 

spontaneous reports of discomfort sensations by the subjects were also recorded and clinically 

evaluated. 

  

Statistical Analysis 

Mean values and standard deviations were calculated. The normal distribution of 

the data was checked by the Shapiro-Wilk test. Statistical analysis was adapted to each assay. 

One- among 

the subjects included in each group and between the study groups, and to compare the effect 

of different combinations of the humectants with each other. One-way ANOVA test was used 

 TEWL variation 

throughout the study (baseline versus post-application) and to compare the effect of the 

humectants with the untreated area. 

 

 RESULTS: 

Skin hydration 

A significant increase (p < 0.05) in skin hydration was found after 15 minutes, 2 

hours, and 8 hours of application of the 1,3-propanediol in all concentrations and in all 

combinations (with butylene glycol or glycerol or both), relative to the hydration prior to the 

application of the humectants. The same results were observed in the comparison with the 

untreated area. 

Figure 4 shows the increase in capacitance after the application of four different 

combinations of humectants, relative to the baseline capacitance measurements obtained prior 

to the application of the humectants. 
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Figure 4. Increase in capacitance after the application of different combinations of humectants, 

relative to the baseline capacitance measurement obtained prior to the application of the 

humectants. Humectants applied comprised (A) combination with 5% of 1,3-propanediol; (B) 

combination with 10% of 1,3-propanediol; (C) combination with 15% of 1,3-propanediol. Data 

are mean ± SEM, n = 10 participants for each study group.  

The statistical significance of the impact of the humectants on skin hydration was 

analyzed using two main criteria: 

 

(a) Comparison between different combinations of humectant with the same 

concentration of 1,3-propanediol: 

i. No significant difference was observed between 1,3-propanediol and 1,3-

propanediol + butylene glycol after 15 minutes, 2 hours, and 8 hours of application; 

ii. The combination of 1,3-propanediol + glycerol provided skin hydration 

significantly (p < 0.05) higher after 15 minutes, 2 hours, and 8 hours of application, when 

compared with the 1,3-propanediol; 
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iii. The combination of 1,3-propanediol + glycerol provided skin hydration 

significantly (p < 0.05) higher, when compared with the 1,3-propanediol + butylene glycol: 1,3-

propanediol 5% + glycerol 5% provided skin hydration significantly (p < 0.05) higher after 15 

minutes, 2 hours, and 8 hours of application, when compared with the 1,3-propanediol 5% + 

butylene glycol 5%; 1,3-propanediol 10% + glycerol 5% provided skin hydration significantly (p 

< 0.05) higher after 2 and 8 hours of application, when compared with the 1,3-propanediol 10% 

+ butylene glycol 5%; 1,3-propanediol 15% + glycerol 5% provided skin hydration significantly 

(p < 0.05) higher after 2 and 8 hours of application, when compared with the 1,3-propanediol 

15% + butylene glycol 5%. 

iv. The combination of 1,3-propanediol + butylene glycol + glycerol provided skin 

hydration significantly (p < 0.05) higher, when compared with the 1,3-propanediol: 1,3-

propanediol 5% + butylene glycol 5% + glycerol 5% provided skin hydration significantly (p < 

0.05) higher after 15 minutes and 2 hours of application, when compared with the 1,3-

propanediol 5%; 1,3-propanediol 10% + butylene glycol 5% + glycerol 5% provided skin 

hydration significantly (p < 0.05) higher after 15 minutes, 2 hours, and 8 hours after application, 

when compared with the 1,3-propanediol 10%; 1,3-propanediol 15% + butylene glycol 5% + 

glycerol 5% provided skin hydration significantly (p < 0.05) higher after 15 minutes, 2 hours, 

and 8 hours after application, when compared with the 1,3-propanediol 15%; 

v. The combination of 1,3-propanediol + butylene glycol + glycerol provided skin 

hydration significantly (p < 0.05) higher, when compared with the 1,3-propanediol + butylene 

glycol: 1,3-propanediol 5% + butylene glycol 5% + glycerol 5% provided skin hydration 

significantly (p < 0.05) higher after 15 minutes, 2 hours, and 8 hours of application, when 

compared with the 1,3-propanediol 5% + butylene glycol 5%. The same result was observed 

for the same combinations with a concentration of 10% and 15% of 1,3-propanediol. 

vi. The combination of 1,3-propanediol 10% + butylene glycol 5% + glycerol 5% 

provided skin hydration significantly (p < 0.05) higher after 15 minutes of application, when 

compared with the 1,3-propanediol 10% + glycerol 5%. The same result was observed for the 

same combination with a concentration of 15% of 1,3-propanediol. 

  

(b) Comparison between the same combination of humectant and different 

concentration of 1,3-propanediol. 

i. 1,3-propanediol 15% provided skin hydration significantly (p < 0.05) higher after 

15 minutes and 2 hours of application, when compared with the 1,3-propanediol 5%, and 

provided skin hydration significantly (p < 0.05) higher after 15 minutes, 2 hours, and 8 hours 

of application, when compared with the 1,3-propanediol 10%. 
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ii. 1,3-propanediol 10% + butylene glycol 5% provided skin hydration significantly 

(p < 0.05) higher after 15 minutes of application, when compared with the 1,3-propanediol 5% 

+ butylene glycol 5%. 

iii. 1,3-propanediol 10% + glycerol 5% provided skin hydration significantly (p < 

0.05) higher after 15 minutes of application, when compared with the combination of 1,3-

propanediol 5% + glycerol 5%; 1,3-propanediol 15% + glycerol 5% provided skin hydration 

significantly (p < 0.05) higher after 15 minutes of application, when compared with the 

combination of 1,3-propanediol 5% + glycerol 5%. 

iv. 1,3-propanediol 10% + butylene glycol 5% + glycerol 5% provided skin hydration 

significantly (p < 0.05) higher after 15 minutes of application, when compared with the 

combination of 1,3-propanediol 5% + butylene glycol 5% + glycerol 5%; 1,3-propanediol 15% 

+ butylene glycol 5% + glycerol 5% provided skin hydration significantly (p < 0.05) higher after 

15 minutes of application, when compared with the combination of 1,3-propanediol 5% + 

butylene glycol 5% + glycerol 5%. 

 

 Table II shows the percentage increase in skin hydration provided by all 

combinations of humectants with different concentrations of 1,3-propanediol, relative to the 

baseline capacitance measurement obtained prior to the application of the humectants. 
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Table II 

The percentage increase in skin hydration due to the addition of humectants, relative to the 

baseline capacitance measurement obtained prior to the application of the humectants 

 

 Skin barrier: 

A significant decrease (p < 0.05) in skin TEWL was found after 15 minutes, 2 hours, 

and 8 hours of application of the 1,3-propanediol in all concentrations and in all combinations 

(with butylene glycol or glycerol or both), relative to the TEWL measurement prior to the 

application of the humectants. The same results were observed in the comparison with the 

untreated area. 

Figure 5 shows the decrease in TEWL after the application of four different 

combinations of humectants, relative to the baseline TEWL measurement obtained prior to the 

application of the humectants. 

 

  



67 

  

Figure 5. Decrease in TEWL after the application of different combinations of humectants, 

relative to the baseline TEWL measurement obtained prior to the application of the 

humectants. Humectants applied comprised (A) combination with 5% of 1,3-propanediol; (B) 

combination with 10% of 1,3-propanediol; (C) combination with 15% of 1,3-propanediol. Data 

are mean ± SEM, n = 10 participants for each group. 

The statistical significance of the humectant combination on the skin barrier 

function was considered in two ways: 

(a) Comparison between different combinations of humectant and the same 

concentration of 1,3-propanediol: 

i. 1,3-propanediol 15% + glycerol 5% decreased TEWL significantly (p < 0.05) more 

after 15 minutes, 2 hours, and 8 hours of application, when compared with the 1,3-propanediol 

15%; 1,3-propanediol 15% + glycerol 5% decreased TEWL significantly (p < 0.05) more after 

2 hours of application, when compared with the 1,3-propanediol 15% + butylene glycol 5%; 

ii. 1,3-propanediol 5% + butylene glycol 5% + glycerol 5% decreased TEWL 

significantly (p < 0.05) more after 2 hours of application, when compared with the 1,3-
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propanediol 5%; 1,3-propanediol 15% + butylene glycol 5% + glycerol 5% decreased TEWL 

significantly (p < 0.05) more after 15 minutes of application, when compared with the 1,3-

propanediol 15%. 

  

(b) Comparison between the same combination of humectant and different 

concentration of 1,3-propanediol. 

i. 1,3-propanediol 15% decreased TEWL significantly (p < 0.05) more after 2 hours 

of application, when compared with the 1,3-propanediol 5% and 1,3-propanediol 10%. 

ii. 1,3-propanediol 15% + butylene glycol 5% decreased TEWL significantly (p < 

0.05) more after 2 hours of application, when compared with the 1,3-propanediol 5% + butylene 

glycol 5%, and after 2 and 8 hours of application when compared with the 1,3-propanediol 10% 

+ butylene glycol 5%. 

iii. 1,3-propanediol 15% + glycerol 5% decreased TEWL significantly (p < 0.05) 

more after 15 minutes, 2 hours, and 8 hours of application, when compared with the 

combination of 1,3-propanediol 5% + glycerol 5%; 1,3-propanediol 15% + glycerol 5% 

decreased TEWL significantly (p < 0.05) more after 15 minutes, 2 hours, and 8 hours of 

application, when compared with the combination of 1,3-propanediol 10% + glycerol 5%; 

iv. 1,3-propanediol 15% + butylene glycol 5% + glycerol 5% decreased TEWL 

significantly (p < 0.05) more after 15 minutes, when compared with the 1,3-propanediol 5% + 

butylene glycol 5% + glycerol 5%, and after 15 minutes, 2 hours, and 8 hours of application 

when compared with the 1,3-propanediol 10% + butylene glycol 5% + glycerol 5%. 

  

Table III shows the percentage decrease in skin TEWL provided by all 

combinations of humectants with different concentrations of 1,3-propanediol, relative to the 

baseline TEWL measurement obtained prior to the application of the humectants. 
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Table III 

The percentage decrease in skin TEWL due to the addition of humectants, relative to the 

baseline TEWL measurement obtained prior to the application of the humectants. 

 

 

Safety assessment 

No adverse events related to the application of the products were reported by the 

dermatologist throughout the study, and no subject reported any discomfort sensation or skin 

disorders during the study. 

  

DISCUSSION 

The study aimed to assess the effect of different concentration of 1,3-propanediol, 

applied alone or in combination with butylene glycol and/or glycerol, on skin properties. The 

evaluation of skin hydration was conducted using a Corneometer® CM825, while skin barrier 

function was assessed using a Tewameter® TM300. Tolerance of the various humectants was 

evaluated by a dermatologist. 
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Among the cohort of 30 female research subjects included in the study, no adverse 

reactions were reported or observed. 

The findings demonstrated a statistically significant hydration effect of 1,3-

propanediol. This was evidenced by an increase in skin capacitance across all concentrations 

and combinations (with butylene glycol and/or glycerol), relative to the hydration levels prior to 

the addition of any humectant. This effect was also observed in the improvement of skin barrier 

function, as indicated by a decrease in skin trans epidermal water loss (TEWL). 

The capacitance evaluation showed that while the addition of butylene glycol to 

1,3-propanediol did not significantly enhance the hydration performance of 1,3-propanediol 

alone, the addition of glycerol did. Furthermore, when comparing the combinations of 1,3-

propanediol with glycerol and 1,3-propanediol with butylene glycol, it was evident that the 

combination of 1,3-propanediol with glycerol exhibited greater effectiveness in enhancing skin 

hydration. This finding indicates that glycerol possesses superior skin hydration properties than 

butylene glycol. Glycerol is widely used in pharmaceutical and cosmetic formulations due to its 

favorable emollient and humectant properties, attributed to its hygroscopicity nature (17). It has 

the ability to diffuse into the stratum corneum and retain water within the skin (11). The skin 

moisturizing effects of glycerol are influenced by the amount of the absorbed humectant in the 

stratum corneum as well as its concentration profile (18). 

The most favorable combination of humectants for skin hydration purpose was 1,3-

propanediol + butylene glycol + glycerol. The variation in the concentration of the 1,3-

propanediol from 5% to 10% and 15%, did not however significantly increase skin hydration. 

These results suggest that using a combination of ingredients with a low concentration is 

preferable to using a single ingredient, such as 1,3-propanediol, at a high concentration. 

When considering the skin barrier, it was found that the application of 1,3-

propanediol at a concentration of 15%, either alone or in combination with other humectants, 

reduced TEWL. The addition of glycerol improved the performance of 1,3-propanediol 15% 

alone, from 15 minutes to 8 hours after application. The combination with glycerol also 

outperformed the combination of 1,3-propanediol 15% + butylene glycol after 2 hours. 

Despite the evidence of the effectiveness of humectants in improving skin barrier 

function after 15 minutes, 2 hours, and 8 hours of application, when compared with the baseline 

and the untreated area, no combination of humectants significantly reduced TEWL relative to 

the other combinations. While differences were observed between the concentrations of 1,3-

propanediol and/or between the combinations of humectants, these differences were minor 

when compared with the results observed in the assessment of skin hydration. 

The proper choice of humectants tends to influence the hydration performance of 

a cosmetic formulation. Understanding how humectants act on the stratum corneum when 
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applied alone or in combination is an important tool in developing more effective cosmetic 

formulations. 

 

CONCLUSION 

The overall results showed that the humectants evaluated in this study significantly 

increased skin hydration and significantly reduced TEWL throughout the 8-hour time course. 

Furthermore, the increase in 1,3-propanediol concentration, in conjunction with its 

combination with glycerol, resulted in both enhanced hydration and improved skin barrier 

function. 

Understanding the mechanism through which cosmetic ingredients interact with 

the stratum corneum is important for the development of effective moisturizing formulations. 

This knowledge assists in creating an optimal combination of ingredients to achieve maximum 

skin hydration. By determining how these ingredients work, cosmetic formulators can create 

moisturizers that effectively penetrate the skin and provide long-lasting hydration. 
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6.3. Discussão 

Conforme os resultados publicados no artigo 3, a aplicação do 1,3-propanediol em 

todas as concentrações avaliadas, e em todas as combinações, foi capaz de proporcionar 

aumento na hidratação e melhora na função da barreira cutânea por até 8 horas. O aumento 

na concentração do 1,3-propanediol potencializou o aumento da hidratação e a melhora da 

função da barreira da pele.  

A combinação com o glicerol contribuiu tanto para o aumento da hidratação da 

pele, quanto para a melhora da função de barreira. A combinação de umectantes que 

apresentou a melhor performance hidratante foi a 1,3-propanediol + glicerol + butilenoglicol. 

Assim, o sistema umectante selecionado para compor a formulação teste foi o 1,3-propanediol 

15% + glicerol 5% + butilenoglicol 5%. 
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7. CAPÍTULO III: Desenvolvimento e avaliação 
da estabilidade da formulação teste 

 7.1. Materiais e métodos 

7.1.1. Composição e preparo da formulação teste 

A Tabela 1 apresenta a composição e função de cada ingrediente da formulação 

teste. 

 

Tabela 1. Composição quali-quantitativa da formulação teste. 

Fase Ingrediente (INCI name) Função Concentração (%) 

 
 
 
 

A 

Caprylic/Capric Triglyceride Emoliente 7,00 

Cetyl Alcohol Emoliente 2,00 

PEG-8 Stearate (and) Glyceryl Stearate (and) 
Cetearyl Alcohol (and) Sorbitan Oleate 

Emulsificante 2,00 

Squalane Emoliente 1,00 

Pentaerythrityl Tetra-di-t-butyl 
Hydroxyhydrocinnamate 

Antioxidante 0,10 

 
 
 
 

B 

Propanediol (1,3-propanediol) Umectante 15,0 

Butylene Glycol Umectante 5,0 

Glycerin Umectante 5,0 

Acrylates/C10-30 Alkyl Acrylate Crosspolymer Emulsificante 
polimérico 

1,20 

Disodium EDTA Quelante 0,10 

Aqua Veículo Q.S. 100 

 
 
 

C 

Isononyl isononanoate Éster emoliente  3,00 

Cyclopentasiloxane Silicone volátil  2,0 

Phenoxyethanol (and) Ethylhexylglycerin Conservante 0,50 

Parfum Modificador 
organoléptico 

0,10 

Legenda: INCI name = International Nomenclature of Cosmetic Ingredients / Nomenclatura 

Internacional de Ingredientes Cosméticos / Q.S. = quantidade suficiente 
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A fase oleosa (A) e aquosa (B) foram aquecidas separadamente à temperatura de 

75°C. Em seguida, a fase A foi vertida lentamente sobre a fase B sob agitação constante e 

contínua de 800 rpm em agitador magnético, mantendo o aquecimento por 3 minutos, e após 

manteve-se a agitação por mais 5 minutos sem aquecimento. A fase adicional (C) foi 

incorporada quando a emulsão atingiu temperatura de 40°C e retornou à agitação por mais 

10 minutos (91). O pH da emulsão foi ajustado com solução de hidróxido de sódio (NaOH) a 

1%. 

7.1.2. Estabilidade acelerada da formulação 

O teste de estabilidade acelerada da formulação foi realizado segundo o Guia de 

Estabilidade de Produtos Cosméticos da Anvisa (92). 

As amostras da formulação foram acondicionadas em frascos de vidro neutro, 

transparente e com tampa para garantir a vedação. Após, as amostras foram armazenadas 

em triplicata nas seguintes condições ambientais: a) temperatura ambiente; b) aquecimento 

em estufa a 37 ± 2°C; c) resfriamento em geladeira a 5 ± 2°C. As amostras foram analisadas 

previamente ao armazenamento e aos 30°, 60° e 90° dias.  Os parâmetros avaliados foram: 

características organolépticas (aspecto, cor e odor), separação de fases por centrifugação e 

pH. 

7.1.2.1. Avaliação organoléptica 

As características das amostras foram observadas visualmente verificando a 

ocorrência de  modificações macroscópicas, tais como: separação de fase, formação de 

grumos, precipitados; bem como a cor e o odor em relação ao padrão estabelecido. 

7.1.2.2. Centrifugação 

O ensaio de centrifugação foi realizado segundo as recomendações do Guia de 

Estabilidade de Produtos Cosméticos da Anvisa (92). As amostras foram centrifugadas em 

tubo de ensaio cônico graduado para centrífuga (Fanem Ltda) com ciclo de 3000 rpm por 30 

minutos em temperatura ambiente. Para a centrifugação das amostras foi usada a centrífuga 

Novatécnica-NT820 com rotor de ângulo fixo (Novatecnica Equipamentos para Laboratórios, 

São Paulo, Brasil). 

7.1.2.3. Determinação do pH 

A determinação do pH foi realizada com as amostras diluídas em água destilada 

(1:10 p/v), homogeneizadas e submetidas à leitura no peagômetro Digimed DM-22 (Digimed 

Instrumentação Analítica, São Paulo, Brasil).  
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 7.1.3. Microscopia de luz polarizada 

A avaliação microscópica de luz polarizada foi utilizada para verificar a presença 

de cristais líquidos (CL). Após 24 horas do preparo da formulação, uma pequena quantidade 

da amostra foi colocada sobre a lâmina de vidro e coberta com uma lamínula, e foi submetida 

à análise no microscópio de luz polarizada em aumento de 200X. As imagens foram 

capturadas por uma câmera digital acoplada ao microscópio Axio Lab.A1 (Zeiss, Alemanha)  

e analisadas pelo Software Zeiss Zen. 

 

7.2. Resultados e discussão 

7.2.1. Teste de estabilidade acelerada 

No teste de estabilidade acelerada foi verificado possíveis sinais de instabilidade 

da formulação com o ensaio de centrifugação, além das características organolépticas e o pH 

da formulação. 

No teste de centrífuga as amostras foram armazenadas em triplicata na 

temperatura ambiente, estufa (37 ± 2°C) e geladeira (5 ± 2°C) e avaliadas após 30, 60 e 90 

dias do preparo. A Figura 8 ilustra as amostras após o teste de centrífuga em cada condição 

de armazenamento e tempo de avaliação. 

 

Figura 8. Imagem fotográfica das amostras submetidas ao ensaio de centrifugação. 
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Durante o período de 90 dias a formulação teste se manteve estável, ou seja, não 

foi constatado separação de fase, precipitação, formação de caking, coalescência, ou 

quaisquer outros sinais de instabilidade da emulsão após o teste de centrífuga (92). O mesmo 

resultado foi observado para as amostras submetidas a diferentes condições de 

armazenamento. 

Na avaliação organoléptica a formulação teste se manteve estável, não sendo 

observada alteração de aspecto, cor e odor ao longo dos 90 dias de estudo para as amostras 

acondicionadas em temperatura ambiente e estufa. As amostras armazenadas em geladeira 

apresentaram aspecto levemente mais consistente, mas sem alteração de cor e odor. 

O pH da formulação também se manteve estável ao longo do estudo, 

permanecendo próximo ao pH fisiológico da pele que é de 4,0 a 6,0 (93). A Tabela 2 apresenta 

os valores médios e o desvio padrão (SD) do pH das triplicatas em cada condição de 

armazenamento e tempo de avaliação. 

 

Tabela 2. Média ± SD do pH obtido ao longo do estudo. 

Tempo de 

avaliação 

Condição de armazenamento 

Temperatura ambiente Estufa (37 ± 2°C) Geladeira  (5 ± 2°C) 

T0 4.7 ± 0.04 - - 

T30 4.3 ± 0.10 4.7 ± 0.10 4.4 ± 0.22 

T60 4.5 ± 0.05 4.8 ± 0.03 4.3 ± 0.03 

T90 4.3 ± 0.09 4.7 ± 0.03 4.4 ± 0.04 

 

É importante que o pH da formulação cosmética permaneça próximo ao pH 

fisiológico da pele para não agredir o manto ácido do EC.  Isto garante a integridade da 

atividade antimicrobiana inata da pele e vários bioprocessos, como descamação e síntese 

lipídica (94). 

 

 7.2.2. Microscopia de luz polarizada 

A Figura 9 ilustra a imagem microscópica obtida após 24 horas do preparo da 

formulação teste onde é possível observar estruturas líquido cristalinas. 
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Figura 9 - Imagem microscópica da formulação teste após 24 horas do preparo, em aumento de 200X 

e luz polarizada. 

 

Os cristais líquidos (CL) são descritos como estruturas de características 

intermediárias entre o estado sólido e líquido da matéria (95). 

A utilização de CL em cosméticos apresenta vantagens funcionais como: 

estabilização de emulsões, promovem liberação controlada de ativos, incorporação de ativos 

em matrizes cristalinas líquidas ou mesmo em formulações que os contenham, pois os cristais 

líquidos protegem as substâncias ativas sensíveis à degradação térmica ou fotodegradação, 

e promovem aumento da retenção de água no SC proporcionando aumento na hidratação 

cutânea (96). Além disso, os CL apresentam alta afinidade pela epiderme e podem ser 

absorvidos no EC, auxiliando na restauração da função da barreira cutânea (97).  

 

7.3. Conclusão  

O estudo de estabilidade é fundamental para fornecer informações adequadas para a 

tomada de decisões sobre o desenvolvimento do produto, em um curto espaço de tempo. 

Conforme os resultados obtidos no teste de estabilidade concluímos que a formulação teste 

pode ser considerada estável em diferentes condições climáticas, uma vez que não foram 

identificados sinais de instabilidade, como separação de fase ou precipitação e alterações 

organolépticas, na formulação. A presença de cristais líquidos identificados após 24 horas do 

preparo da formulação também contribui para a estabilidade da fórmula. Assim, a formulação 

teste foi aprovada no ensaio de estabilidade, podendo ser produzida em maior escala para o 

ensaio clínico de avaliação da eficácia do produto final.  
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8. CAPÍTULO IV: Ensaio clínico para avaliação 
da eficácia da formulação teste 

 8.1. Casuística e métodos 

8.1.1. Delineamento experimental 

Foi realizado um estudo clínico aberto, randomizado e controlado com 

participantes da pesquisa saudáveis (não-diabéticos) e com diabetes tipo I e II, ambos os 

sexos, todos os fototipos e idade entre 61 e 81 anos. O Anexo VI apresenta os dados dos 

participantes da pesquisa incluídos no estudo. Os 30 participantes da pesquisa incluídos no 

estudo foram divididos em dois grupos: 

Grupo diabético: 15 participantes da pesquisa com idade entre 61 e 79 anos; 13 

(87%)  participantes do sexo feminino e 2 (13%) do sexo masculino; 10 (67%) participantes 

portadores de DM tipo II e 05 (33%) de DM tipo I. Todos os participantes da pesquisa incluídos 

no grupo diabético finalizaram o estudo. 

Grupo saudável (não-diabético): 15 participantes da pesquisa com idade entre 61 

e 81 anos; 15 (100%) participantes do sexo feminino; 2 participantes da pesquisa desistiram 

do estudo e apenas 13 participantes da pesquisa completaram o estudo. 

Dos 30 participantes da pesquisa incluídos no estudo, 13 (43%) apresentavam 

sinais de DP em estágio I e 17 (57%) não apresentavam sinais de DP. Todos os participantes 

diagnosticados com DP eram do sexo feminino (100%); 05 participantes da pesquisa com 

diabetes mellitus (38) e 08 participantes da pesquisa saudáveis (62%). 

Dos 13 participantes da pesquisa com sinais de DP, 8 (62%) relataram sentir que 

a pele machuca e sangra com facilidade, 10 (77%) relataram que a pele fica roxa com 

facilidade e 9 (69%) relataram sentir a pele muito fina. 

A avaliação clínica dermatológica constatou que 13 (100%) dos participantes 

apresentavam atrofia cutânea e pseudocicatrizes, 12 (92%) apresentavam púrpura senil e 2 

(15%) apresentavam escoriações superficiais na pele. 

Os dois participantes da pesquisa que desistiram do estudo apresentavam sinais 

de dermatoporose no estágio I. Assim, o estudo foi concluído com 11 participantes da 

pesquisa com sinais de DP e 17 participantes da pesquisa sem sinais de DP. 

8.1.2. Critérios de inclusão 

Grupo diabético: Idade entre 60 e 90 anos; ambos os sexos; possuir Diabetes 

Mellitus tipo I ou II; fototipo I a V; concordância em aderir aos procedimentos e exigências do 
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estudo; concordância em não realizar tratamentos dermatológicos e/ou estéticos corporais até 

a finalização do estudo; consentir a participação com a assinatura do TCLE. 

Grupo saudável: Idade entre 60 e 90 anos; ambos os sexos; fototipo I a V; 

concordância em aderir aos procedimentos e exigências do estudo; concordância em não 

realizar tratamentos dermatológicos e/ou estéticos corporais até a finalização do estudo; 

consentir a participação com a assinatura do TCLE. 

Para a inclusão dos participantes da pesquisa com dermatoporose foi considerado 

apenas aqueles com o estágio I da síndrome, diagnosticado pela avaliação clínica da 

dermatologista. O estágio I da dermatoporose consiste no surgimento dos primeiros 

marcadores da síndrome que são atrofia cutânea, púrpura senil, pseudocicatrizes e 

escoriações superficiais (33). 

8.1.3. Critérios de não inclusão 

Antecedentes de reações alérgicas, irritação ou sensações de desconforto 

intensas a produtos de uso tópico: cosméticos ou medicamentos; Marcas cutâneas na área 

experimental que interfiram na avaliação de possíveis reações cutâneas (distúrbios da 

pigmentação, más-formações vasculares, cicatrizes, aumento de pilosidade, sardas e 

verrugas em grande quantidade, queimaduras solares); Pacientes sem condições de retorno 

para a avaliação clínica; Presença de dermatoses ativas (local ou disseminada) que possam 

interferir nos resultados do estudo; Uso de anti-inflamatórios não hormonais, corticoides, anti-

histamínicos, fotossensibilizante ou imunossupressores até 2 semanas antes do estudo; 

Exposição solar intensa ou a sessão de bronzeamento até 15 dias antes da avaliação inicial; 

Previsão de vacinação durante a realização do estudo ou até 3 semanas antes do estudo; 

Tratamento estético ou dermatológico corporal até 4 semanas antes do estudo; Tratamentos 

hormonais não estáveis nos últimos 3 meses; Pessoas diretamente envolvidas na realização 

do presente estudo e seus familiares; Estar participando de outro estudo. 

 8.1.4. Produto de referência 

O Umiditá®AI Creme, produzido pela Libbs Farmacêutica LTDA (São Paulo, BR),  

foi selecionado como produto referência para comparação com os resultados obtidos pela 

formulação teste. A escolha do produto de referência foi baseada no fato de ser amplamente 

estabelecido no mercado, não conter petrolato em sua composição e ser frequentemente 

prescrito por médicos dermatologistas. 

Abaixo segue a composição do Umiditá®AI Creme, conforme consulta realizada 
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Composição: Aqua, Cocoyl Adipic Acid/Trimethylolpropane Copolymer, Glycerin, 

Dicaprylyl Carbonate, Behenyl Alcohol, Glyceryl Stearate, Phospholipids, Glycine Soja Sterols, 

Glyceryl Dibehenate, Tribehenin, Glyceryl Behenate, Cetyl Alcohol, Canola Oil, Ammonium 

Acryloyldimethyltaurate/VP Copolymer, Phenoxyethanol, Butyrospermum Parkii Butter 

Extract, Physalis Angulata Extract, Caprylic/Capric Triglyceride, Ethylhexylglycerin, Xanthan 

Gum, Disodium Cetearyl Sulfosuccinate, Disodium EDTA. 

 8.1.5. Esquema terapêutico 

Os participantes da pesquisa foram orientados a aplicar a formulação teste em um 

antebraço e dorso da mão (direito ou esquerdo), enquanto o produto de referência deveria ser 

aplicado na região oposta. Foi solicitado que os participantes aplicassem os produtos em 

quantidade suficiente para cobrir toda a área de avaliação, duas vezes ao dia, em horários 

livre (manhã e noite), sempre após a higienização da pele 

A determinação do antebraço e dorso da mão de aplicação da formulação teste e 

do produto de referência foi realizada de forma aleatória entre os lados direito e esquerdo dos 

participantes. 

 

 8.1.6. Métricas e parâmetros avaliados 

A pele dos participantes da pesquisa foi avaliada por técnicas instrumentais e de 

imagem no início do estudo, após 45 e 60 dias de uso dos produtos. 

Antes de realizar as medições, os participantes da pesquisa permaneceram em 

ambiente com temperatura de 20-24ºC e umidade relativa de 45-55 % durante 30 minutos 

para a aclimatação.  

Para a realização das medidas instrumentais e obtenção das imagens foram 

demarcados retângulos medindo 2,5 x 4,0 cm2. Nos antebraços, a área foi demarcada a 10 

cm do pulso, e no dorso das mãos a 3 cm da base do dedo anelar.  

 

8.1.6.1. Avaliação do conteúdo aquoso do estrato córneo  

A hidratação do estrato córneo (EC) foi avaliada usando o dispositivo 

Corneometer® CM825 (Courage & Khazaka Electronic GmbH, Alemanha), que se baseia na 

medição da capacitância elétrica, que está diretamente relacionada ao conteúdo de água no 

EC (90). As medidas de capacitância são expressas em unidades arbitrárias (u.a.) variando 

de 0 (completamente seco) a 120 (completamente encharcado) (98). O valor médio de cinco 

medições obtidas foi utilizado nos cálculos. 
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 8.1.6.2. Avaliação da função da barreira cutânea 

A melhora da função da barreira cutânea foi avaliada através de medições de 

TEWL com o dispositivo Tewameter® TM Hex (Courage & Khazaka Electronic GmbH, 

Alemanha). As medidas de TEWL são expressas em g/m2/h (63). O valor médio de três 

medições obtidas foi utilizado nos cálculos. 

 8.1.6.3. Avaliação da textura da pele por imagem 

A textura da pele foi avaliada através da obtenção de micro-imagens utilizando o 

dispositivo Visioscan® VC 20plus (Courage & Khazaka Electronic GmbH, Alemanha). Este 

dispositivo  utiliza uma fonte de luz ultravioleta A (UVA) para iluminar a pele e captar a luz que 

é refletida e emitida devido à fluorescência (61). A rugosidade da pele foi calculada através 

do parâmetro Rq (root mean square deviation of the assessed profile) de acordo com a 

International Organization for Standardization (ISO) 4287/2002 (99). O parâmetro Rq 

corresponde ao desvio padrão da distribuição da altura definida no comprimento da amostra. 

O valor médio Rq calculado a partir de três imagens obtidas foi utilizado nos cálculos. 

8.2. Resultados e discussão 

Os resultados obtidos no ensaio clínico para avaliação da eficácia da formulação 

teste foram divididos em dois artigos: 

No artigo 4 foram reportados os resultados obtidos no tratamento da pele de 

pacientes diabéticos comparado aos pacientes saudáveis (não diabéticos), ambos 

clinicamente diagnosticados sem sinais de dermatoporose em estágio 1. 

No artigo 5 foram reportados os resultados obtidos no tratamento da pele de 

pacientes diabéticos diagnosticados com dermatoporose em estágio 1 comparado aos 

pacientes saudáveis (não diabéticos) com o mesmo diagnóstico. 

 

8.2.1. Artigo 4 - Effects of a moisturizing formulation on skin hydration, skin 

barrier function and skin roughness in diabetic patients 

 

O artigo 4 encontra-se em estado de finalização e processo de submissão a um 

periódico científico a posteriori podendo ainda sofrer alterações até sua versão final. 

_________________________________________________________________________ 
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Abstract 

 

Background: Skin disorders are very common in both type 1 and type 2 diabetes mellitus 

(DM) patients. Some properties of moisturizing formulations may help mitigate skin damage 

associated with DM. 

Aim: This study aimed to evaluate the effects of a moisturizing formulation on skin hydration, 

barrier function and roughness on the forearms (sun-protected skin) and on the dorsal hands 

(sun-exposed skin) of diabetic patients compared to healthy subjects, as well as to compare 

the effect of this formulation with a reference product. 

Material and methods: This comparative and controlled study included 10 diabetic subjects 

and 10 non-diabetic subjects. Biometric parameters were evaluated using capacitance 

(indicative of hydration) and transepidermal water loss (TEWL) measurements. Skin images 

were captured using a microcamera. All assessments were conducted at baseline, and after 

45 and 60 days using both moisturizers. 

Results: The test formulation, which combined glycerin, butylene glycol and 1,3-propanediol, 

effectively improved hydration, barrier function, and skin roughness in both diabetic and non-

diabetic subjects. Therefore, the test formulation performed comparably to the reference 

product, which is a moisturizer widely prescribed by dermatologists, in all assessments carried 

out throughout the study. 

Conclusion: This study demonstrates that skincare formulations with high moisturizing 

efficacy are effective to care for the skin and are desirable for research and development in 

individuals with diabetes. 

 

Introduction 

Diabetes mellitus (DM) is a common chronic endocrine disorder characterized by insufficient 

insulin production or impaired utilization of insulin by the organism. Type 2 DM is the most 

prevalent subtype, comprising over 80% of all DM patients (Sociedade Brasileira de Diabetes, 

2024; Karadag et al, 2018). Type 2 DM is frequently observed in older, overweight and 

sedentary people; however, an increasing incidence is observed among younger populations, 

often attributable to lifestyle factors (Karadag et al, 2018). 

Skin disorders are very common in both type 1 and type 2 DM patients (de Macedo et al., 

2016), with at least 30% individuals exhibiting some type of cutaneous involvement, which may 

include skin infection and dryness, pruritus and delayed wound healing (Park et al., 2011). 

Xerosis, characterized by excessive skin dryness, and pruritus are very common 

dermatological manifestations affecting approximately 25% of diabetics (Behm et al., 2012). 

Diabetes may also lead to the accumulation of advanced glycosylation end-products (AGEs) 

within dermal collagen, resulting in comprised mechanical properties of the skin (Sakai et al., 
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2005). AGEs are formed by non-enzymatic glycation, a reaction involving the interaction 

between reducing sugars and amino groups on proteins. These are primarily responsible for 

more severe damage in patients with Type 2 diabetes (Moraes et al., 2023).  Dermatological 

complications triggered by DM are related to impaired skin homeostasis, which may be caused 

either by diabetes-induced abnormalities in skin metabolism or by diabetic complications such 

as vasculopathy and neuropathy (Seirafi et al., 2009). 

Moisturizing treatments involve repairing the skin's barrier, retaining and increasing water 

content, reducing TEWL, restoring the lipid barrier's ability to attract, retain and redistribute 

water, and preserve skin integrity (Kraft and Lynde, 2005). These moisturizing properties of 

some cosmetics may help to prevent or reduce the damage caused to the skin by DM. 

Some methods are available to analyze the effect of cosmetic products through in vivo skin 

measurements. Skin hydration can be assessed using techniques based on capacitive 

measurements, which change according to the amount of water in the skin (Anthonissen et al., 

2015). The skin barrier function can be assessed by measuring transepidermal water loss 

(TEWL). TEWL is measured by estimating the flux density of the water evaporated from the 

skin surface and is considered to be the most important non-invasive technique to assess the 

skin barrier function (Gardien et al., 2016). Decreased hydration and an impaired skin barrier 

can lead to visible changes on the skin surface, and the use of moisturizers can help to prevent 

or reverse this problem. The characteristics of the skin surface topography represent the three-

dimensional profile of the epidermis and adjacent dermal structures. It can be quantified using 

images captured by a CCD camera and analyzed using a software program capable of 

calculating skin roughness parameters (Trojahn et al., 2015). 

The aim of this study was: a) to investigate baseline differences in hydration, skin barrier 

function, and skin roughness between diabetic and non-diabetic individuals in sun-protected 

skin (volar forearm) and sun-exposed skin (dorsal hand); b) to evaluate the effects of the test 

formulation on skin hydration, transepidermal water loss (TEWL), and skin roughness after 

treatment in diabetic subjects, and to compare these outcomes with those observed in non-

diabetic subjects; c) to compare the efficacy of the test formulation with that of a reference 

product. 

 

Material and methods 

Material 

Study population and ethical approval 

This study included 10 diabetic subjects and 10 non-diabetic subjects. The subjects did not 

apply any dermatological or cosmetic products to their forearms and hands for 48 hours prior 

to the study. The inclusion criteria were (i) aged between 60 and 90 years old, (ii) no history of 

allergic reactions, irritation, or intense sensations of discomfort with products of topical use. 
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Exclusion criteria included: (i) presence of active dermatosis (local or spread), (ii) intensive 

exposure to sunlight or artificial ultraviolet rays up to two weeks before the start of the study, 

(iii) esthetical and dermatological treatments up to four weeks prior to study, (iv) use of non-

hormonal anti-inflammatory drugs, corticoids, antihistamines, photosensitizers or 

immunosuppressants up to two weeks before the start of the study. 

The comparative and controlled study was approved by the Ethics in Research Committee in 

accordance with research project number 29880820.2.0000.5404, and was conducted in 

accordance with the Good Clinical Practice and the Declaration of Helsinki. It was registered 

on a platform for experimental and non-experimental clinical trials under the Clinical Trial 

Registration RBR-7wqksdc. Written informed consent was obtained from all participants before 

enrolment. 

 

Test formulation 

The test formulation was prepared in an oil-in-water emulsion. The aqueous phase containing 

a high concentration of humectants; 1,3-propanediol 15% plus (+) butylene glycol 5% + 

glycerol 5%. The choice of this humectant system was based on a study which demonstrated 

that the combination of these three humectants was more effective to increase skin hydration 

than 1,3-propanediol applied alone or in combination with butylene glycol 5% or glycerol 5%. 

The same study showed that the 1,3-propanediol at a concentration of 15%, either applied 

alone or in combination with the other humectants, was more effective in reducing TEWL (Pinto 

et al., 2024). Table 1 lists the composition of the test formulation, including the corresponding 

supplier. The formulation showed no evidence of separation phase, change in appearance, 

color or smell, and no significant variation in pH during the study period, when the samples 

were stored at room temperature, heat condition (37 +/- 2 °C) and cold condition (5 +/- 2 °C). 

 

Table 1 Composition of the test formulation and the corresponding supplier 

Ingredient (INCI Name) Concentration Supplier 

Cetyl alcohol 2.0 Dinâmica Química 
Contemporânea 

Caprylic/Capric Triglyceride 7.0 Fagron 

Pentaerythrityl Tetra-di-t-butyl 
Hydroxyhydrocinnamate 0.1 Basf 

Squalane 1.0 Focus Tecnologia 
Comercial Química 
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PEG-8 Stearate (and) Glyceryl Stearate (and) 
Cetearyl Alcohol (and) Sorbitan Oleate 2.0 QuantiQ 

Acrylates/C10-30 Alkyl Acrylate Crosspolymer 1.2 Lubrizol 

Disodium EDTA 0.1 Dinâmica Química 
Contemporânea 

Propanediol (1,3-propanediol) 15.0 Sarfam 

Butylene Glycol 5.0 Mapric 

Glycerin 5.0 Fagron 

Phenoxyethanol (and) Ethylhexylglycerin 0.5 Proserv 

Cyclopentasiloxane 2.0 QuantiQ 

Isononyl Isononanoate 3.0 Fagron 

Parfum 0.1 Vollmens Fragrances 

Aqua/Water 56.0 - 

  

The Umiditá® AI Cream (Libbs Farmacêutica LTDA, São Paulo, BR) was chosen as a 

reference product to compare with the results obtained with the cosmetic formulation 

developed by the research group. 

  

Methods 

Experimental design 

On the first day of visit to the study, the subjects were issued samples of the test formulation 

(Table 1) and the reference product (Umiditá® AI Cream) to use at home. There were four test 

sites per subject, each measuring 2.5 x 4.0 cm, one on each forearm (volar side, 10cm from 

the wrist) and one on each dorsal hand (3cm from the base of the ring finger). Each subject 

was asked to apply the test formulation to one forearm and dorsal hand and the reference 

product to the other (randomized allocation) twice daily for 60 days. 

Capacitance and TEWL measurements and skin surface micro-images were taken before and 

after 45 days and 60 days of home use of the products. The assessments were performed in 

a room with controlled temperature at 20-24°C and 45-55% relative air humidity. All test sites 

were acclimatized to room conditions for 30 minutes prior to the procedures. The ambient 
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conditions were kept constant during all the execution of the study and permanence of the 

subjects in the laboratory. 

 

 Safety assessment 

The acceptability (clinical signs) and tolerability (discomfort sensations) of the test formulation 

were assessed by a dermatologist at the beginning of the study, after 45 days and 60 days of 

home use. This evaluation involved observing and documenting any signs of skin irritation, 

such as erythema (redness), pruritus (itching), burning sensations, or any other skin problems 

that may have developed on the dorsal hand and forearm. Spontaneous reports of discomfort 

sensations by the subjects were also recorded and clinically evaluated throughout the study. 

  

Capacitance measurements 

Skin hydration was assessed using the Corneometer® CM825 probe (Courage & Khazaka 

Electronic GmbH, Germany). The Corneometer® is based on capacitance measurements, 

which vary depending on the water content of the skin. It is said to be the most sensitive 

instrument for measuring the water content in dry conditions (Westermann et al., 2020). The 

capacitance is recorded using two charged electrode plates that generate an electric field when 

in contact with the skin, and the maximum charge generated is the measured capacitance 

value (Gidado et al., 2022). Capacitance readings are expressed in arbitrary units (a.u.), 

ranging from 0 (no water) to 120 (completely soaked) (Anthonissen et al., 2015). 

Skin hydration was expressed as the mean ± standard deviation (S.D.) of five capacitance 

readings taken at each test site of each subject at each assessment time. The percentage (%) 

increase in skin hydration was calculated by the following equation:  H% = 100 x (H after - H 

before) / H before, where H% is percentage increase in skin hydration, H after is the hydration 

after using the moisturizers, and H before is the hydration before using the moisturizers. 

  

TEWL measurements 

TEWL was determined using the Tewameter® TM Hex probe (Courage & Khazaka Electronic 

GmbH, Germany), which measures the amount of water lost from the deeper layers of the skin 

across the SC by passive diffusion. It is a widely used method to assess the skin barrier 

function (Alexander et. al., 2018). Low TEWL values indicate an intact and healthy barrier, 

whereas an increase in TEWL usually indicates an impaired skin barrier (Jansen van Rensburg 

et. al., 2019).  TEWL is expressed in grams of water per square meter per hour (g/m2/h) 

(Berardesca et. al., 2018). 

The TEWL rate was expressed as the mean ± S.D. of triplicate readings taken at each test site 

of each subject at each assessment time. The equation used to calculate the percentage (%) 

decrease in TEWL is as follows: TEWL% = 100 x (W before - W after) / W before, where 
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TEWL% is percentage decrease in TEWL rate, W after is the TEWL rate after using the 

moisturizers, and W before is the TEWL rate before using the moisturizers. 

  

Skin image method 

Micro-images of the skin were captured using the Visioscan® VC 20plus (Courage & Khazaka 

Electronic GmbH, Germany). The Visioscan® uses an ultraviolet A (UVA) light source to 

illuminate skin and captures light that is reflected and emitted due to fluorescence (Stettler et 

al., 2021). The skin roughness was calculated using the Rq parameter (root mean square 

deviation of the assessed profile) according to the International Organization for 

Standardization (ISO) 4287/2002 (ABNT, 2002). The Rq parameter corresponds to the 

standard deviation of the height distribution defined on the sample length. 

Skin roughness was expressed as the mean ± S.D. of the Rq parameter calculated from three 

images taken at each test site of each subject at each assessment time. The percentage (%) 

decrease in skin roughness was calculated using the following equation: Rq% = 100 x (R after 

- R before) / R before, where Rq% is percentage decrease in skin roughness, R after is the 

roughness after using the moisturizers, and R before is the roughness before using the 

moisturizers. 

  

Statistical Analysis 

Mean values and standard deviations were calculated for all measurements. The normality of 

the data was assessed using the Shapiro-Wilk test. One-way ANOVA test was used, followed 

n each group. For 

comparisons of skin hydration, TEWL and skin roughness throughout the study (baseline 

versus post-use), either one- -test (if the normality hypothesis 

-test (if the normality hypothesis was 

rejected) was utilized. 

The effects of the test formulation were compared with the reference product, considering the 

data obtained both within each group (test formulations vs. reference product) and between 

the groups (diabetic vs. non- -test (if the normality 

hypothesis was not rejected) or Wilcoxon test (if the normality hypothesis was rejected) were 

used to compare the effect of the products (test formulation vs. reference product). The 

-test (if the normality hypothesis was not rejected) or Mann-Whitney test 

(if the normality hypothesis was rejected) were used to compare the study groups (diabetic vs. 

non-diabetic). 
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Results and discussion 

Baseline data 

The diabetic group comprised 10 subjects in the 61-79 age range; eight (80%) female and two 

(20%) males. Six (60%) patients had type II DM and four (40%) had type I DM; Fitzpatrick skin 

type between II and VI.  All subjects in group A completed the study for up to 60 days. 

The non-diabetic group consisted of 10 subjects in the 61-78 age range; ten (100%) females; 

Fitzpatrick skin type between II and V. All subjects in group B completed the study for up to 45 

days, but only eight of them completed the study within 60 days. 

At baseline, the diabetic group showed a statistically lower (p<0.05) skin hydration, as 

measured by capacitance, on the forearm compared to the non-diabetic group. However, no 

significant differences (p>0.05) were found between the study groups in skin hydration on the 

dorsal hands. Skin barrier function (TEWL measurements) and skin roughness (Rq parameter) 

at baseline were not significantly different (p>0.05) between the diabetic and non-diabetic 

groups. 

These findings are consistent with a previous study that demonstrated that diabetic subjects 

often exhibit a reduced hydration state of the SC without any impairment of the barrier function 

(Sakai et al., 2005). Additionally, Seirafi et al. (2009) reported no significant differences in 

TEWL and skin hydration between diabetic and non-diabetic subjects. The significant 

difference (p>0.05) in forearm skin hydration between diabetic and non-diabetic subjects 

reinforces the necessity of studying and characterizing the skin of diabetic patients in order to 

develop formulations with high moisturizing efficacy that are effective in the care and treatment 

of skin in individuals with diabetes. 

  

Safety assessment 

No adverse events associated with the use of the products were reported by the dermatologist 

throughout the study, and no subjects reported any sensations of discomfort or experienced 

skin disorders during the study period. 

 

Skin hydration 

A significant increase in skin hydration (p<0.05) was observed on the forearms and dorsal 

hands of the diabetic and non-diabetic subjects after 45 and 60 days of using the test 

formulation and the reference product, compared to the baseline hydration levels. Fig. 1A,B 

illustrates the percentage increase in skin hydration on the forearms and dorsal hands after 

using the test formulation and the reference product. 

No significant differences (p>0.05) were observed between the test formulation and the 

reference product regarding the enhancement of skin hydration on the dorsal hands and 

forearms after 45 and 60 days of use in both study groups. These results indicated that the 
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moisturizing efficacy of the test formulation is comparable to that of the reference product for 

both diabetic and non-diabetic subjects. 

The diabetic group exhibited a statistically greater increase in skin hydration (p<0.05) on the 

forearm after 60 days of using the test formulation, as well as on the dorsal hand after 45 days 

of using the reference product, compared to the non-diabetic group. Data presented in Fig. 

1A,B illustrated that diabetic subjects experience a more substantial increase in skin hydration 

on both the dorsal hands and forearms at 45 and 60 days compared to non-diabetic subjects. 

Maintaining skin hydration is crucial for overall skin health, especially in diabetic individuals 

who often experience xerosis. Xerosis is a skin condition characterized by dryness that can 

lead to scaling, fissured skin, and erosions, potentially compromi

if not properly treated (Pavicic and Korting, 2006). However, limited studies have been 

conducted on diabetic patients to evaluate whether moisturizing cosmetic treatments can 

improve or prevent alterations in the physiological properties of diabetic skin. 

  

Skin barrier function 

In the diabetic group, a significant decrease in TEWL (p<0.05) was observed on the forearms 

after 60 days and on the dorsal hands after 45 and 60 days of using the test formulation and 

the reference product, compared to the baseline TEWL. In the non-diabetic group, a significant 

decrease in TEWL (p<0.05) was observed on the forearm after 60 days of using the reference 

product, as well as on the dorsal hand after 60 days of using the test formulation and the 

reference product, compared to the baseline TEWL. 

The percentage decrease in skin TEWL on the forearms and dorsal hands following the use 

of the test formulation and the reference product is illustrated in Fig. 2A,B. The non-diabetic 

group presented a slight percentage increase in forearms TEWL after 45 days of using both 

products; however, this change was not statistically significant (p>0.05). Additionally, the data 

presented in Fig. 2A,B suggest that both the test formulation and the reference product were 

more effective in improving the skin barrier function in diabetic subjects compared to the non-

diabetic subjects. 

No significant differences (p>0.05) were observed between the test formulation and the 

reference product regarding the enhancement of skin barrier function on the dorsal hands and 

forearms after 45 and 60 days of use in both study groups. This result indicates that the 

performance of the test formulation is comparable to the reference product in improving skin 

barrier function for both diabetic and non-diabetic subjects. 

A comparison of the groups revealed that the test formulation provided a statistically greater 

reduction in TEWL (p<0.05) on the dorsal hands of diabetic subjects after 45 days of use 

compared to the non-diabetic subjects. Furthermore, the reference product demonstrated a 
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statistically greater reduction in TEWL (p<0.05) on the forearms of diabetic subjects after 45 

days of use compared to the non-diabetic subjects. 

There is currently no consensus regarding baseline TEWL in individuals with DM. As 

mentioned earlier, a study by Seirafi et al. (2009) found no significant differences in TEWL 

between diabetic and non-diabetic subjects. The same result was observed in a study by 

Craciun et al. (2011) which evaluated the levels of TEWL, water content, sebum and skin 

elasticity in patients with poorly controlled DM and compared them with non-diabetic subjects. 

A study conducted by Ibuki et al. (2018) indicated that baseline TEWL levels were significantly 

elevated in obese diabetic patients relative to normal controls. In contrast, Han and Park (2017) 

demonstrated that baseline TEWL levels were lower in diabetic patients than the control. 

The discrepancies in findings across studies do not clarify whether diabetic patients exhibit an 

altered skin barrier compared to non-diabetic controls. This variation may also be attributable 

to differences in the individual health condition, including the duration of diabetes, adequate 

control of blood glucose levels, the presence of other comorbidities, and other influencing 

factors. 

In our study, the treatment with a test formulation containing a high concentration of 

humectants provided a significant improvement in skin barrier function, as evidenced by a 

reduction in TEWL, particularly among diabetic patients. Moisturizers formulated with 

humectants are designed to enhance the hydration of the SC and are widely used to alleviate 

symptoms of dryness and improve the barrier function (Lodén, 2016). Previous research has 

demonstrated that the treatment with humectant-containing moisturizers effectively reduces 

TEWL in conditions such as ichthyotic, atopic, dry and irritated skin (Lodén, 2001), highlighting 

the crucial role of humectants in the care and treatment of a fragile skin barrier. 

 

Skin roughness 

The test formulation provided a significant reduction in skin roughness (p<0.05) on the dorsal 

hands and forearms of the diabetic subjects after 45 and 60 days of use, compared to the 

baseline measurements. In the non-diabetic group, the test formulation also provided a 

significant reduction in skin roughness (p<0.05) on the forearms after 60 days of use, 

compared to the baseline values. The reference product provided a significant reduction in 

skin roughness (p<0.05) on the forearms of the diabetic subjects after 45 and 60 days of use, 

as well as in non-diabetic subjects after 60 days of use compared to the baseline 

measurements. However, no significant changes in skin roughness (p>0.05) were found on 

the dorsal hands of either diabetic and non-diabetic subjects after 45 and 60 days using the 

reference product. Furthermore, in the non-diabetic group, no significant changes (p>0.05) 

were observed in skin roughness on the dorsal hands and forearms after 45 and 60 days using 

either the test formulation and the reference product. 
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Fig. 3A-C illustrates the skin roughness of the forearm of diabetic subjects at baseline, and 

after 45 and 60 days using the test formulation. Fig. 4A-C illustrates the skin roughness of the 

dorsal hand of diabetic subjects at baseline, and after 45 and 60 days using the test 

formulation. 

Fig. 5A,B illustrates the percentage decrease in skin roughness on the forearms and dorsal 

hands after using the test formulation and the reference product. 

No significant differences (p>0.05) were observed between the test formulation and the 

reference product regarding the reduction of skin roughness on the dorsal hands and forearms 

of both diabetic and non-diabetic groups after 45 and 60 days of use. These results indicate 

that the test formulation achieved a level of skin roughness reduction comparable to that of the 

reference product in both study groups. However, the reference product provided a statistically 

greater reduction in skin roughness (p<0.05) on the forearms of the diabetic subjects after 45 

days of use compared to the non-diabetic subjects. No significant differences (p>0.05) in the 

reduction of skin roughness on the dorsal hands were observed between the study groups 

using the reference product. Additionally, there were no significant differences (p>0.05) 

between the study groups in the reduction of skin roughness on the forearms and dorsal hands 

when using the test formulation. 

Biophysical parameters and skin responses to cosmetic treatments can vary by anatomical 

site. The morphology of the SC, including its thickness and lipid composition of the barrier, 

differs across various body regions (Fluhr et al., 2002).  Studies conducted by Sandby-Mølle 

et al. (2003) and Egawa et al. (2007) reported respectively that the SC thickness on the volar 

forearm averages 18.3 ± 4.9 µm, while on the dorsal hand it averages 29.3 ± 6.84 µm. A thinner 

SC facilitates the penetration of substances th  

The volar forearm is considered a sun-protected area and, theoretically, exhibits fewer signs 

of photoaging. In contrast, the skin on the dorsal hand is more exposed to harsh environments, 

including UV radiation and frequent exposure to detergents, making it more susceptible to 

dryness and the adverse effects of photoaging. The results of our study demonstrated that the 

test formulation was effective in improving the condition of both the forearm and dorsal hand 

skin of diabetic subjects. 

Despite the increasing number of diabetics worldwide and advancements in the development 

of topical cosmetic products aimed at preventing and treating certain undesirable effects of 

diabetes, such as xerosis and pruritus, there are few studies investigating the efficacy of these 

products on the skin of diabetic patients. While moisturizers cannot treat or prevent more 

severe dermatological conditions commonly associated with diabetic, they can contribute to 

maintaining healthy skin, enhancing the skin barrier to mitigate potential inflammation or 

infection, improving the overall appearance, and alleviating discomfort associated with 

excessive skin dryness. The use of moisturizing cosmetic products containing humectants may 
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represent a viable therapeutic strategy for managing dry skin and restoring the skin barrier, 

particularly as pharmacological active ingredients, even when administered topically, can 

result in side effects in diabetic patients. 

 

Conclusion 

The test formulation evaluated in this study, which comprised humectants such as glycerin, 

butylene glycol, and 1,3-propanediol, was effective in enhancing skin hydration, improving 

barrier function, and reducing skin roughness in both diabetic and non-diabetic individuals. 

Although a small statistically significant difference was observed in the skin response between 

diabetic and non-diabetic subjects following the cosmetic treatment, diabetic subjects exhibited 

a greater tendency for increased skin hydration, as well as a more pronounced reduction in 

TEWL and skin roughness on both forearms and dorsal hands after the treatment with the test 

formulation. The performance of the test formulation is comparable to that of the reference 

product in all assessments conducted throughout the study. These results are very satisfactory 

and confirm that the test formulation, designed to provide superior or equivalent efficacy to a 

moisturizer widely prescribed by dermatologists, has achieved its intended goal while offering 

a more favorable cost-benefit ratio. These findings are significant, as they may assist 

formulators in developing effective cosmetic treatments for dry skin, restoring the lipid barrier, 

and improving skin texture in individuals suffering from skin disorders caused by the presence 

of diabetes in the organism, contributing to an enhanced quality of life for these patients. 
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Fig. 1. Percentage increase in skin hydration (A) on forearms and (B) on dorsal hands after using the 

test formulation and reference product, relative to the baseline hydration. Data are mean ± SD, n = 10 

subjects for the diabetic group; n = 10 subjects for the non-diabetic group in 45 days and 8 subjects in 

60 days. 

  

 

Fig. 2. Percentage decrease in skin TEWL (A) on forearms and (B) on dorsal hands after the use of the 

test formulation and reference product, relative to the baseline TEWL measurements. Data are mean ± 

SD, n = 10 subjects for the diabetic group; n = 10 subjects for the non-diabetic group in 45 days and 8 

subjects in 60 days. 
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Fig. 3. Illustration of forearm skin roughness in diabetic subjects (A) at baseline, (B) after 45 days and 

(C) after 60 days using the test formulation. Red-yellow color indicates higher roughness and green-

white color indicates lower roughness. 

 

 

Fig. 4. Illustration of dorsal hand skin roughness in diabetic subjects (A) at baseline, (B) after 45 days 

and (C) after 60 days using the test formulation. Red-yellow color indicates higher roughness and green-

white-blue color indicates lower roughness. 

 

 

 

 

 Fig. 5. Percentage decrease in skin roughness on forearms (A) on forearms and (B) on dorsal hands 

after the use of the test formulation and reference product, relative to the baseline skin roughness. Data 

are mean ± SD, n = 10 subjects for the diabetic group; n = 10 subjects for the non-diabetic group in 45 

days and 8 subjects in 60 days. 

8.2.2. Artigo 5 - Significance of incorporating moisturizing formulations in the 
management of dermatoporosis among patients with diabetes mellitus 

 

O artigo 5 encontra-se em estado de finalização e processo de submissão a um 

periódico científico a posteriori podendo ainda sofrer alterações até sua versão final. 

_________________________________________________________________________ 
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Abstract 

 

Background: Diabetes mellitus and dermatoporosis impair cutaneous homeostasis, leading 

therapies that are easy to apply and well accepted, aiming to assist in the treatment of the 

compromised skin in these individuals. 

Aim: The objective was to assess the effect of a moisturizing formulation on improving 

hydration, skin barrier function, and reducing skin roughness on the sun-protected skin and 

sun-exposed skin of diabetic individuals compared to healthy individuals, both with stage I 

dermatoporosis, and to compare this formulation with a reference product. 

Methods: This study was conducted with 5 diabetic and 5 non-diabetic subjects, all diagnosed 

with stage I dermatoporosis. Biophysical measurements, including capacitance (hydration) and 

transepidermal water loss (barrier function), and micro-imaging (skin roughness), were 

performed at baseline, after 45 and 60 days of using both products. 

Results: The test formulation improved hydration, skin barrier function and skin texture in 

diabetic subjects with stage I dermatoporosis. While it effectively enhanced hydration in non-

diabetic subjects, it did not significantly improve barrier function and texture. The performance 

of the test formulation was comparable to that of the reference product in all assessments, 

which is notably satisfactory, given that the comparator is a moisturizer widely prescribed by 

dermatologists. 

Conclusion: The study shows that moisturizing formulations are effective for managing the 

skin of patients with diabetes and stage I dermatoporosis, highlighting the importance of 

developing tailored skincare solutions to address the skin challenges faced by this population. 

  

Keywords: moisturizers, dermatoporosis, diabetes mellitus, biophysical measurements, 

imaging analysis 

  

Introduction 

Diabetes mellitus (DM) is a complex metabolic disorder characterized by persistent 

hyperglycemia, which has reached epidemic levels, currently affecting approximately 387 

million people worldwide [Zaccardi et al., 2016]. Type 1 DM is defined by the autoimmune-

mediated destruction of pancreatic -cells, leading to an absolute deficiency in insulin 

production [Zaccardi et al., 2016; American Diabetes Association, 2016]. Type 2 DM is 

primarily attributed to insulin resistance, where target tissues exhibit diminished 

responsiveness to insulin [Ozougwu et al., 2013]. Skin disorders, such as cutaneous infection, 

xerosis (dry skin), and pruritus, are very common in both type 1 and 2 DM [de Macedo et al., 

2016]. The chronic hyperglycemia, prevalent among diabetic patients, increases the formation 
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of advanced glycation end products (AGEs), which contribute to skin alterations associated 

with aging [Da Moura Semedo et al., 2017; Seirafi et al., 2009]. 

Dermatoporosis refers to a cutaneous syndrome characterized by structural abnormalities 

within the skin, including alterations in the extracellular matrix (ECM). These changes are 

marked by a reduction in collagen and elastic fibers, an upregulation of matrix metalloproteins 

(MMPs), a diminished intradermal concentration of hyaluronic acid (HA), and impaired skin 

viscoelasticity, all of which contribute to increased skin fragility [Domínguez, et al., 2016]. This 

syndrome is predominantly associated with advanced age, cumulative solar exposure, and 

prolonged systemic or topical corticosteroid therapy [Saurat, 2007]. Dermatoporosis can be 

classified into four clinical stages: Stage I features of pronounced skin atrophy, senile purpura 

and pseudo scars; Stage II includes all manifestation of Stage I, with the addition of skin 

lacerations; Stage III is characterized by larger and more numerous lacerations accompanied 

by delayed wound healing; Stage IV presents with advanced lesions that may lead to 

dissecting hematomas and potential skin necrosis [Saurat et al., 2017]. 

There is a lack of literature addressing skin disorders in early-stage diabetes mellitus (DM) 

and the specific manifestations of dermatoporosis in diabetic patients. The impairment of skin 

mechanical properties and delayed wound healing are significant concerns affecting both 

diabetic patients and those with dermatoporosis. These conditions may result in severe 

complications, including extensive lacerations, the formation of dissecting hematomas, and the 

development of ulcers, which become infected, and may ultimately necessitate amputation 

[Quondamatteo, 2014; Kaya and Saurat, 2010]. Thus, it is crucial to investigate whether 

diabetic patients exhibit increased susceptibility to the development and/or exacerbation of 

dermatoporosis. A comprehensive understanding of this issue is essential for the formulation 

of targeted dermatological treatments aimed at preventing and managing skin conditions in a 

manner that addresses specific needs of these patients. 

The objective of this study was: a) to evaluate baseline differences in hydration, skin barrier 

function, and skin roughness between diabetic and non-diabetic individuals with stage I 

dermatoporosis in sun-protected skin (volar forearm) and sun-exposed skin (dorsal hand); b) 

to investigate the effects of a cosmetic formulation on skin hydration, transepidermal water loss 

(TEWL), and skin roughness after treatment in diabetic subjects with stage I dermatoporosis, 

and to compare these outcomes with those observed in non-diabetic subjects with stage I 

dermatoporosis; c) to compare the efficacy of the test formulation with that of a reference 

product. 

 

Material and methods 

Material 

Subjects 
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This comparative, controlled and single-blinded clinical trial enrolled 10 subjects divided into 

two groups: Group A: five diabetic subjects diagnosed with dermatoporosis in stage I and 

Group B: five non-diabetic subjects also diagnosed with dermatoporosis in stage I. The 

subjects did not apply any dermatological or cosmetic products to their forearms and hands for 

48 hours prior to the study. The inclusion criteria were (i) aged between 60 and 90 years old, 

(ii) no history of allergic reactions, irritation, or intense sensations of discomfort with products 

of topical use. Exclusion criteria included: (i) presence of active dermatosis (local or spread), 

(ii) intensive exposure to sunlight or artificial ultraviolet rays up to two weeks before the start 

of the study, (iii) esthetical and dermatological treatments up to four weeks prior to study, (iv) 

use of non-hormonal anti-inflammatory drugs, corticoids, antihistamines, photosensitizers or 

immunosuppressants up to two weeks before the start of the study. 

  

Ethical principles 

The clinical trial was approved by the Ethics in Research Committee in accordance with 

research project number 29880820.2.0000.5404 and was conducted following Good Clinical 

Practice and the Declaration of Helsinki. It was registered on a platform for experimental and 

non-experimental clinical trials under the Clinical Trial Registration RBR-7wqksdc. Written 

informed consent was obtained from all participants before enrollment. 

  

Test formulation 

The test formulation was prepared as an oil-in-water emulsion. The aqueous phase of the 

formulation contained a high concentration of humectants: 1,3-propanediol 15% plus (+) 

butylene glycol 5% + glycerol 5%. The selection of these humectant system was based on a 

study which showed that 1,3-propanediol at a concentration of 15%, either applied alone or in 

combination with butylene glycol and/or glycerol, was more effective in reducing TEWL 

compared to lower concentrations (5% or 10%) Additionally, the combination with butylene 

glycol 5% + glycerol 5% enhance moisturizing performance (Pinto et al., 2024).   

Table 1 lists the composition of the test formulation: Cetyl alcohol and Disodium EDTA were 

purchase from Dinâmica Química Contemporânea, Caprylic/Capric Triglyceride, Glycerin and 

Isononyl Isononanoate were obtained from Fagron, Pentaerythrityl Tetra-di-t-butyl 

Hydroxyhydrocinnamate from Basf, Squalane was purchase from Focus Tecnologia Comercial 

Química, PEG-8 Stearate (and) Glyceryl Stearate (and) Cetearyl Alcohol (and) Sorbitan Oleate 

and Cyclopentasiloxane were obtained from QuantiQ, Acrylates/C10-30 Alkyl Acrylate 

Crosspolymer from Lubrizol, Propanediol (1,3-propanediol) from Sarfam, Butylene Glycol from 

Mapric, Phenoxyethanol (and) Ethylhexylglycerin from Proserv and Parfum was purchase from 

Vollmens Fragrances. 
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The Umiditá® AI Cream (Libbs Farmacêutica LTDA, São Paulo, BR) was selected as a 

reference product for comparison with the results obtained from the test formulation developed 

for this study. 

Table 1 Composition of the test formulation 

Ingredient (INCI Name) Concentration (%) 

Aqua/Water 56.0 

Propanediol (1,3-propanediol) 15.0 

Caprylic/Capric Triglyceride 7.0 

Butylene Glycol 5.0 

Glycerin 5.0 

Isononyl Isononanoate 3.0 

Cetyl alcohol 2.0 

PEG-8 Stearate (and) Glyceryl Stearate (and) Cetearyl Alcohol (and) 
Sorbitan Oleate 

2.0 

Cyclopentasiloxane 2.0 

Acrylates/C10-30 Alkyl Acrylate Crosspolymer 1.2 

Squalane 1.0 

Phenoxyethanol (and) Ethylhexylglycerin 0.5 

Pentaerythrityl Tetra-di-t-butyl Hydroxyhydrocinnamate 0.1 

Disodium EDTA 0.1 

Parfum 0.1 

 

Methods 

Experimental design 

Subjects were issued samples of the test formulation (prepared according to Table 1) and the 

reference product (Umiditá® AI Cream) for home use. Each subject had four test sites, each 

measuring 2.5 x 4.0 cm: one on the volar side of each forearm (10 cm from the wrist) and one 
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on the dorsal side of each hand (3 cm from the base of the ring finger). Subjects were instructed 

to apply the test formulation to one forearm and one dorsal hand, while applying the reference 

product to the other arm and hand (randomized allocation), twice daily for 60 days. Biophysical 

measurements and skin surface micro-images were collected before treatment, as well as after 

45 and 60 days of home use of the products. 

 

Safety assessment 

The safety and tolerability of the test formulation was assessed by dermatological examination 

conducted before, during, and after the use of the product. Additionally, adverse events were 

monitored throughout the study by collecting information from subjects during study visits. 

  

Biophysical measurements 

TEWL and capacitance were measured using the Tewameter® TM Hex and the 

Corneometer® CM825, respectively (Courage & Khazaka Electronic GmbH, Germany). All 

measurements were conducted in a room maintained at 20 ± 2 °C and 50 ± 5% relative 

humidity [Rogiers, 2001]. All test sites were acclimatized to these conditions for 30 minutes 

prior to assessment. 

TEWL can be used to evaluate skin barrier integrity and is defined as the flux density of water 

diffusing from the dermis and epidermis through the stratum corneum to the skin [Klotz et al., 

2022]. This flux density is measured in g/h/m2 

Skin barrier efficiency was expressed as the mean ± S.D. of three TEWL readings taken at 

each test site of each subject at each assessment time. 

Capacitance is directly proportional to skin water content; thus, higher levels of hydration in 

the SC correspond to higher capacitance values [Qassem and Kyriacou, 2019]. Capacitance 

values are reported in arbitrary units (u.a.) [Berardesca, 1997]. Skin hydration was expressed 

as the mean ± standard deviation (S.D.) of five capacitance readings taken at each test site of 

each subject at each assessment time. 

  

Skin image method 

Skin micro-images were captured using the Visioscan® VC 20plus (Courage & Khazaka 

Electronic GmbH, Germany). Skin roughness was assessed using the Rq parameter (root 

mean square deviation of the assessed profile). The Rq parameter represents the standard 

deviation of the height distribution over the sample length and was calculated according to the 

International Organization for Standardization (ISO) 4287/2002 [ABNT, 2002]. Skin roughness 

was expressed as the mean ± S.D. of the Rq parameter calculated from three images taken at 

each test site of each subject at each assessment time 
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Statistical Analysis 

All statistical analyses were performed using GraphPad Prism 8.0. Statistical significance was 

considered at p<0.05. The normal distribution of the data was assessed using the Shapiro-

Wilk test. One- -test was used to verify the baseline homogeneity 

among the subjects included in each group. The paired, bimodal, t-Student test was used to 

compare the significance of the change in skin hydration, TEWL and skin roughness 

throughout the study (baseline versus post-use) and to compare the effect of the products (test 

formulation vs. reference product). The unpaired t-Student test was used to compare the study 

groups (diabetic vs. non-diabetic). 

 

Results and discussion 

Safety assessment 

The test formulation was considered safe and well tolerated. Dermatological examinations 

showed no adverse, irritant, or allergic skin reactions, and no subjects reported any discomfort 

or skin disorders during the study. 

  

Baseline data 

The diabetic group comprised 5 female subjects, aged 69-77 years, with Fitzpatrick skin type 

III; 20% had type I DM and 80% had type II DM. The non-diabetic group also included 5 female 

subjects, aged 69-81 years, with Fitzpatrick skin type II or III. All subjects completed the study, 

which lasted up to 60 days. 

At baseline, measurements of skin physiological functions, including capacitance and 

transepidermal water loss (TEWL), as well as skin roughness (measured by the Rq parameter), 

revealed no significant differences (p>0.05) between the diabetic and non-diabetic groups. 

Similar results were observed for both dorsal hands and forearms. These findings are 

consistent with previous studies that have evaluated biophysical parameters such as TEWL 

and skin hydration levels in diabetic and non-diabetic patients, reporting no differences 

 

  

Skin barrier function 

Diabetic subjects showed a significant reduction (p<0.05) in TEWL on the forearm after 45 and 

60 days of using the test formulation; however, no significant changes (p>0.05) were observed 

on the dorsal hand. Furthermore, no significant changes (p>0.05) in TEWL were observed in 

either the forearm and the dorsal hand of the diabetic subjects using the reference product. In 

the non-diabetic group, there were no significant changes (p>0.05) in TEWL on the forearms 

and dorsal hand after 45 and 60 days of use of either the test formulation and the reference 

product. Figure 1 A-B illustrates the variations in TEWL rate on the forearm and dorsal hand 
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resulting from the use of the test formulation and reference product throughout the study. The 

percentage (%) change in TEWL rate was calculated using the following equation: 100 x 

(baseline TEWL values  post-treatment TEWL values) / baseline TEWL values. 

 

 

Figure 1. Percentage of change in TEWL rate on the (A) forearm and (B) dorsal hand after 45 and 60 
days of use of the products relative to the baseline condition. Data are mean ± S.E., n = 05 subjects for 
each study group. 
 

Diabetic subjects showed a significant improvement (p<0.05) in skin barrier function on the 

forearm after 45 and 60 days of using the test formulation compared to the non-diabetic 

subjects. However, no significant differences (p>0.05) were observed between the test 

formulation and the reference product regarding improvements in skin barrier function on the 

forearms and dorsal hands after 45 and 60 days of use for both study groups. 

 

Skin hydration 

Diabetic subjects exhibited a significant increase (p<0.05) in skin hydration on both the forearm 

and dorsal hand after 45 and 60 days of use of both the test formulation and the reference 

product. Non-diabetic subjects also showed a significant increase (p<0.05) in skin hydration 

on the forearms after 60 days of using both products. Skin hydration on the dorsal hand 

increased significantly (p<0.05) after 45 and 60 days of using the test formulation, well as after 

60 days using the reference product. Figure 2 A-B illustrates the increase in skin hydration on 

the forearm and dorsal hand provided by the use of the test formulation and reference product 

throughout the study. The percentage (%) increase in skin hydration was calculated using the 

following equation: 100 x (post-treatment capacitance values  baseline capacitance values) / 

baseline capacitance values. 
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Figure 2. Percentage increase in (A) forearm and (B) dorsal hand skin hydration after 45 days and 60 
days of use of the products relative to the baseline hydration. Data are mean ± standard error (S.E.), n 
= 05 subjects for each study group. 

 

No significant differences (p>0.05) were observed between the study groups regarding the 

increase in skin hydration on the forearms and dorsal hand after 45 and 60 days of treatment. 

While statistical differences were not identified, Figure 2 A-B indicates that diabetic subjects 

had a greater increase in skin hydration on the sun-exposed area compared to the non-diabetic 

subjects. Furthermore, no significant differences (p>0.05) were noted between the test 

formulation and the reference product concerning the enhancement of skin hydration on the 

forearms and dorsal hand after 45 and 60 days of use for both study groups. 

  

Skin roughness 

Diabetic subjects exhibited a significant reduction (p<0.05) in skin roughness on the forearm 

after 60 days of using the test formulation. In contrast, no significant changes (p>0.05) were 

observed on the dorsal hand of diabetic subjects. No significant changes (p>0.05) in skin 

roughness were observed in either the forearm and the dorsal hand of the diabetic subjects 

using the reference product, which was consistent with the findings from the TEWL evaluation. 

In the non-diabetic group, no significant changes (p>0.05) in skin roughness were detected on 

the forearms and dorsal hand after 45 and 60 days of using either the test formulation and the 

reference product. Figure 3 A-B illustrates the changes in skin roughness on the forearm and 

dorsal hand resulting from the use of the test formulation and reference product throughout the 

study. The percentage (%) change in skin roughness was calculated using the following 

equation: 100 x (baseline Rq values  post-treatment Rq values) / baseline Rq values. 
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Figure 3. Percentage of change in skin roughness on the (A) forearm and (B) dorsal hand after 45 days 
and 60 days of use of the products relative to the baseline condition. Data are mean ± S.E., n = 05 
subjects for each study group. 
 

Although no statistically significant difference was observed, Figure 3 A indicates a slight 

increase in forearm skin roughness among non-diabetic subjects after 45 and 60 days of using 

the both products. In contrast, diabetic subjects demonstrated a significant reduction (p<0.05) 

in skin roughness on the forearm after 60 days of using the test formulation compared to the 

non-diabetic subjects. Additionally, diabetic subjects exhibited a significant reduction (p<0.05) 

in skin roughness on the forearm after 45 days of using the reference product compared to the 

non-diabetic subjects. 

Figure 4A-C illustrates the skin texture of the forearm in diabetic subjects at baseline, and after 

45 and 60 days of using the test formulation. Figure 5A-C illustrates the skin texture of the 

forearm in non-diabetic subjects throughout the treatment with the test formulation. 

Figure 4. Illustration of forearm skin roughness in diabetic subjects (A) at baseline, (B) after 45 days 
and (C) after 60 days using the test formulation. Red-pink color indicates higher roughness and dark 
blue-light blue color indicates lower roughness 
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Figure 5. Illustration of forearm skin roughness in non-diabetic subjects (A) at baseline, (B) after 45 
days and (C) after 60 days using the test formulation. Red-pink color indicates higher roughness and 
dark blue-light blue color indicates lower roughness 
 

No significant differences (p>0.05) were observed between the test formulation and the 

reference product regarding the reduction of skin roughness on the forearms and dorsal hands 

after 45 and 60 days of use in either study groups. 

  

Discussion 

The present study aimed to evaluate the effects of a topical cosmetic formulation on improving 

hydration, skin barrier function, and skin texture in diabetic and non-diabetic subjects 

diagnosed with stage I dermatoporosis. Dermatoporosis (DP) is a term that has been used 

since 2007 to describe the clinical manifestations resulting from a syndrome of chronic skin 

fragility and insufficiency [Kaya and Saurat, 2010].  Among the molecular mechanisms 

implicated in DP, the reduction in the HA concentration in the ECM is a primary factor that 

destabilizes intracellular structures and compromises collagen and elastin fibers, leading to a 

significant decrease in the mechanical resistance of the skin [Kaya and Saurat, 2010; 

Domínguez, 2016]. Currently, there is no evidence to support that diabetic patients are more 

susceptible to the development or exacerbation of clinical signs of DP. Nevertheless, the 

literature suggests that both individuals with DP and those with diabetes demonstrate a decline 

in the mechanical properties of the skin and disruptions in epidermal homeostasis [Kaya and 

Saurat, 2007; Seirafi, 2009]. These alterations may consequently lead to an increased 

incidence of skin lacerations due to trauma and delayed wound healing process [Kaya et al., 

2018; Seirafi, 2009]. This highlights the importance of proper management of dermatoporotic 

skin, especially in diabetic patients, to prevent clinical conditions that can lead to severe 

complications such as necrosis and amputations. 

The findings of this study demonstrated that the diabetic patients with DP exhibited a more 

favorable response to cosmetic treatment, particularly to the test formulation, when compared 

to non-diabetic individuals with DP. Diabetic subjects demonstrated a significant enhancement 

in skin barrier function on the forearm after 45 and 60 days of treatment, along with a notable 

reduction in forearm skin roughness after 60 days of using the test formulation, relative to the 
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non-diabetic group. The reduction in roughness is particularly relevant as it suggests an 

improvement in skin texture, which can contribute to overall skin health. Furthermore, these 

results indicate that sun-protected skin showed a more pronounced response to the cosmetic 

intervention compared to sun-exposed skin, as no significant improvements in the barrier 

function and skin texture were noted in the dorsal hands for both study groups. The results 

obtained may be attributed to the variation in the thickness of the stratum corneum (SC) 

between the forearm and dorsal hand regions. The average thickness of the SC in the volar 

forearm is 18.3 ± 4.9 µm, whereas in the dorsal hand it is 29.3 ± 6.84 µm [Sandby-Mølle et al., 

2003; Egawa et al., 2007]. A thinner stratum corneum is associated with greater skin 

cosmetic treatment. Interestingly, while diabetic patients showed a notable improvement in 

skin hydration on both the forearm and dorsal hand after 45 and 60 days of using the test 

formulation, non-diabetic subjects only demonstrated a significant increase in hydration on the 

forearms after 60 days. This could indicate that diabetic skin, which is often compromised, may 

respond more favorably to moisturizing treatments. 

Additionally, the significant results in the improvement of hydration, barrier function, and skin 

texture observed in diabetic subjects with stage I dermatoporosis after the use of the test 

formulation underscore the need for targeted dermatological interventions for this group. 

Moisturizers that contain a combination of emollient, humectant, and occlusive ingredients are 

effective in increasing hydration and preventing water loss, thereby enhancing skin barrier 

function and reducing the need for topical corticosteroid therapy in inflammatory skin disorders 

[Rajkumar et al., 2023; Weidinger et al., 2018]. The use of topical corticosteroid therapies can 

lead to adverse effects in diabetic patients; therefore, this approach should be recommended 

only in very specific situations. 

The absence of statistically significant differences between the test formulation and the 

reference product concerning enhancements in hydration, barrier function, and skin texture in 

both study groups indicates that, although the test formulation is effective, it may not exceed 

the performance of the established product. Nevertheless, it can be concluded that the test 

formulation demonstrates comparable performance to the reference product. 

   

Conclusion. 

The test formulation, elaborated after much study with its ingredients, comprising an oil-in-

water emulsion with a high concentration of humectants, was effective in improving hydration, 

skin barrier function and skin texture in diabetic subjects diagnosed with stage I 

dermatoporosis. The test formulation was effective to provide improvement in skin hydration 

of the non-diabetic subjects diagnosed with stage I dermatoporosis; however, this group did 

not show significant improvement in skin barrier function and skin texture. The test formulation 
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showed performance comparable to the reference product in all assessments conducted 

throughout the study. This result is quite satisfactory, as it confirms that the test formulation 

developed to provide a lower cost-benefit ratio and greater economic viability, aimed at 

reaching a more vulnerable segment of the population, has achieved efficacy equivalent to that 

of a moisturizer widely prescribed by dermatologists and well established in the dermocosmetic 

market..The study highlights the importance of developing personalized, affordable skin care 

formulations for this population, in order to provide a better quality of life and health for these 

patients  
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9. CONCLUSÃO GERAL 

  

A presente dissertação apresenta uma abordagem abrangente para o 

desenvolvimento de uma formulação cosmética destinada ao público senil, com foco especial 

em pacientes diabéticos e/ou com dermatoporose em estágio I. Os objetivos foram alcançados 

por meio da condução de ensaios clínicos que, inicialmente, avaliaram a eficácia de 

emolientes e umectantes frequentemente utilizados em produtos cosméticos, escolhidos 

como os principais ingredientes da formulação. O intuito desta proposta foi desenvolver uma 

formulação eficaz e de baixo custo, destinada a atender uma população vulnerável, mais  

suscetível às complicações cutâneas decorrentes da diabetes e da dermatoporose. 

No capítulo I, os dados obtidos no ensaio clínico demonstraram que os óleos 

vegetais são emolientes eficazes, comparáveis ao petrolato, e apresentam grande potencial 

na indústria cosmética, especialmente em resposta a demanda dos consumidores por 

produtos cosméticos formulados com matérias-primas naturais e renováveis. Apesar dos 

resultados indicarem que os óleos vegetais são emolientes potentes, optamos pelo 

Triglicerídeo de ácido cáprico e caprílico (TACC) como o emoliente principal da formulação, 

devido a sua alta estabilidade à oxidação e calor, origem vegetal e baixo custo.  

O capítulo II abordou o ensaio clínico para a seleção do sistema umectante da 

formulação, revelando que uma alta concentração de umectantes (25% no total) foi eficaz em 

aumentar o nível de hidratação do estrato córneo e melhorar a função de barreira cutânea. 

Embora o objetivo não fosse desenvolver uma formulação apenas com ingredientes naturais, 

-propanediol, um umectante de 

origem vegetal, como o principal umectante da formulação, combinando-o com outros dois 

amplamente utilizados na cosmética: glicerol e butilenoglicol. 

No capítulo final, os resultados do ensaio clínico que avaliou a eficácia da 

formulação desenvolvida ao longo do projeto demonstraram sua efetividade em melhorar a 

hidratação, a função da barreira cutânea e a textura da pele, tanto em participantes da 

pesquisa diabéticos quanto em participantes saudáveis, ambos sem sinais clínicos da 

dermatoporose em estágio I. A formulação teste apresentou performance equivalente ao 

produto referência de mercado (Umidita® AI Creme) quando testada nestes participantes da 

pesquisa. 

Ao ser testada em participantes da pesquisa com dermatoporose em estágio I, a 

formulação teste revelou-se mais eficaz entre os participantes da pesquisa diabéticos, 

especialmente na melhora da função da barreira cutânea e textura da pele. Além disso, a 

formulação teste apresentou desempenho equivalente ao produto referência quando testada 
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em participantes da pesquisa com dermatoporose. Os resultados obtidos sugerem que um 

aumento no tamanho da amostra poderia proporcionar dados comparativos mais significativos 

e robustos. 

Os estudos realizados contribuíram significativamente para aprofundar o 

entendimento sobre a eficácia de ingredientes cosméticos comuns, como os emolientes e 

umectantes, que oferecem benefícios importantes para a pele. Além disso, esses estudos 

contribuíram para o avanço da ciência cosmética, no contexto do cuidado com a pele 

envelhecida, mais vulnerável aos agravamentos decorrentes da diabetes e dermatoporose. 

Os resultados obtidos estabelecem uma base sólida para pesquisas futuras, ressaltando a 

importância de compreender a pele dermatoporótica e a do diabético para desenvolver 

abordagens terapêuticas cosméticas que sejam eficazes, seguras e bem aceitas pelos 

pacientes. 
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ANEXOS 

ANEXO I - Parecer consubstanciado do CEP - FCM - UNICAMP 

 

VERSÃO 2: 
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VERSÃO 5: EMENDA 
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ANEXO II - Dados demográficos dos participantes da pesquisa incluídos no 

ensaio clínico para seleção e avaliação da  eficácia do emoliente principal da 

formulação 

 

Grupo A: 

 

Código Inicias do nome Idade Fototipo 

V01 ELS 48 IV 

V02 LAV 40 III 

V03 MEPV 58 III 

V04 AAS 40 IV 

V05 MSBA 58 III 

V06 LS 41 III 

V07 MRV 59 III 

V08 MRBS 52 IV 

V09 CANM 43 IV 

V10 CAPBG 59 III 

V11 MNSO 58 III 

V12 RT 58 IV 

V13 CDS 39 IV 

V14 RALS 50 III 

V15 CACF 60 III 

V16 CCL 54 IV 

V17 RCB 44 III 

V18 EGM 38 IV 

V19 LRA 37 IV 

V20 ESA 30 III 
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GRUPO B: 

 

Código Inicias do nome Idade Fototipo 

V21 RFS 54 III 

V22 MBR 52 III 

V23 MSDS 40 III 

V24 RAS 55 III 

V25 LAV 41 III 

V26 AAS 41 IV 

V27 SOSP 52 III 

V28 LSA 41 III 

V29 SLM 34 IV 

V30 MVM 51 III 

V31 JSM 31 III 

V32 VACS 50 III 

V33 ECC 42 IV 

V34 SDS 46 III 

V35 VVM 35 II 

V36 BMSM 25 IV 

V37 ARS 26 III 

V38 TRLD 26 IV 

V39 SCFC 27 IV 

V40 SAVSB 20 III 
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GRUPO C: 

 

Código Inicias do nome Idade Fototipo 

V41 TES 22 V 

V42 MCCB 28 IV 

V43 MRB 27 IV 

V44 BSRC 26 III 

V45 ACS 19 IV 

V46 GDTO 18 IV 

V47 TPS 29 IV 

V48 YBOR 18 VI 

V49 JDS 19 III 

V50 SLT 20 IV 

V51 DORF 22 VI 

V52 PDGR 27 IV 

V53 ACO 20 IV 

V54 GBL 18 V 

V55 SXSL 28 IV 

V56 TSP 25 IV 

V57 FJS 24 V 

V58 FDT 22 V 

V59 SLR 24 IV 

V60 JGO 23 VI 
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GRUPO D: 

 

Código Inicias do nome Idade Fototipo 

V61 KSB 22 III 

V62 MAB 29 III 

V63 THBT 39 IV 

V64 MGSN 18 VI 

V65 GC 28 III 

V66 STJ 24 III 

V67 DKP 36 IV 

V68 FFRF 32 II 

V69 TAP 33 III 

V70 AGP 21 II 

V71 HMA 19 III 

V72 MAL 32 IV 

V73 ARGO 28 III 

V74 JHC 30 II 

V75 MCC 34 II 

V76 DC 34 IV 

V77 FGE 33 III 

V78 GP 30 III 

V79 AC 33 IV 

V80 LTV 32 III 
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ANEXO III - Permissão para a reprodução do artigo 1 na íntegra 
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ANEXO IV - Dados demográficos dos participantes da pesquisa incluídos no 

ensaio clínico para avaliação da eficácia do sistema umectante da formulação 

 

Grupo A: 

Código Inicias do nome Idade Fototipo 

V01 AFSF 37 III 

V02 ACS 21 IV 

V03 SMFM 56 III 

V04 RDS 50 III 

V05 FAM 40 IV 

V06 SFS 55 III 

V07 ABSR 50 III 

V08 RMPN 50 III 

V09 JMR 50 III 

V10 RAS 57 IV 
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Grupo B: 

Código Inicias do nome Idade Fototipo 

V11 QCPS 19 IV 

V12 DIS 28 III 

V13 VAP 18 III 

V14 GG 23 III 

V15 CSS 30 III 

V16 SRB 28 III 

V17 RRAS 23 IV 

V18 DSA 27 III 

V19 PLS 26 III 

V20 MCOF 29 III 

 

Grupo C: 

Código Inicias do nome Idade Fototipo 

V21 AAS 42 V 

V22 LSA 27 IV 

V23 RA 45 IV 

V24 VPS 23 III 

V25 JPPC 33 III 

V26 ADSS 45 IV 

V27 JPA 27 III 

V28 PFS 25 IV 

V29 APSA 41 III 

V30 AMS 45 III 
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ANEXO V - Permissão para a reprodução do artigo 3 na íntegra 
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ANEXO VI - Dados demográficos dos participantes da pesquisa incluídos no 

ensaio clínico para avaliação da eficácia da formulação teste 

 
GRUPO DIABÉTICO 

 

Código Inicias do 
nome 

Idade Fototipo Gênero Tipo Diabete 
(I/II) 

Dermatoporose 
(Sim/Não) 

V-005 VAFM 66 II Feminino II Não 

V-015 EPG 72 IV Feminino I Não 

V-016 MJS 71 III Feminino II Não 

V-017 MHS 74 III Feminino II Não 

V-018 MLS 73 III Feminino II Sim 

V-019 JNM 73 III Feminino II Sim 

V-020 CNM 69 III Feminino II Sim 

V-022 OSL 79 III Feminino II Não 

V-023 MLF 63 V Feminino I Não 

V-025 ANB 73 III Feminino II Não 

V-026 ZLF 77 III Feminino II Sim 

V-027 JFV 66 III Masculino I Não 

V-028 MAC 62 III Feminino II Não 

V-029 ORG 74 III Feminino I Sim 

V-030 NOHJ 61 III Masculino I Não 
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GRUPO NÃO DIABÉTICO 

 

Código 
Inicias do 

nome 
Idade Fototipo Gênero 

Dermatoporose 
(Sim/Não) 

V-001 VMN 76 V Feminino Não 

V-002 CASM 72 III Feminino Sim 

V-003 JMS 77 II Feminino Sim 

V-004 CCG 69 II Feminino Sim 

V-006 MAS 61 III Feminino Não 

V-007 IAT 66 III Feminino Sim 

V-008 IDS* 71 III Feminino Sim 

V-009 NMCP 81 III Feminino Sim 

V-010 NDB* 70 IV Feminino Sim 

V-011 SALJ 63 IV Feminino Não 

V-012 SMBR 72 II Feminino Não 

V-013 KK 73 IV Feminino Não 

V-014 ECAF 61 III Feminino Não 

V-021 MIN 78 III Feminino Não 

V-024 MAS 68 III Feminino Sim 

 

 

 

 

 

 

 

 


